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FOREWORD

[his Full Scale Test and Field Aircraft Instrumentation Fatigue Sensor
Evaluation Program was conducted by the Cessna Aircraft Company of Wichita,
Kansas under Air Force contract no. F33657-71-C-0163. The contract was
initiated under project A-37B (335A) "A-37B Final Fatigue Program' and
lask no. P0O0026.

The program from initiation through the issuance of Cessna Report
318E-7419-039, "Fatigue Sensor Evaluation Program - Interim Full-Scale
Fatigue Test and Field Aircraft Instrumentation Report," was supervised
and directed by Robert W. Walker, Group Leader. This report which is an
extension of the previous work to include final field data measurements,
was prepared by John Y. Kaufman, Design Engineer. This project was initiated
by Aeronautical Systems Division, Wright-Patterson Air Force Base, Ohio, and
was administered under the co-ordination of Richard C. Culpepper (ASD/SD27MS)
Aircraft Structural Integrity Program Manager, A-37B.

The interim report covered the results obtained from fatigue sensor
installations on a full scale fatigue test and various field installations
and compares these results with predictions based on a known load spectrum.
The additional field data contained in this report confirms the trends
established in the earlier report.

I'his report covers work conducted from July, 1971 until January, 1976.
It was submitted by the author in November, 1976.

Publication of this report does not constitute Air Force Approval
of the reports' findings or conclusions. It is published only for the
exchange and stimulation of ideas.
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SUMMARY

Commercially available fatigue sensors have been evaluated for
application to aircraft structural fleet monitoring by the on going A-37
ASIP programs. The final full-scale wing and carry-thru fatigue test and
sixteen operational A-37 field aircraft have been instrumented with Micro-
Measurement FM fatigue sensors and response evaluated in terms of structural
fatigue severity.

lhese installations were made prior to the availability of the
currently used data analysis methods (see Reference 1), and were designed
only for longevity and adequate response. The results, therefore, consist
only of relative severity indications. None the less, the basic program
objective of evaluating reliability, longivity, and feasibility of
application in operational aircraft has been met.

Fatigue sensor response from the fatigue test was compared to
field aircraft response for development of severity of usage trends. These
trends were compared to measured strain history/fatigue damage data from
the mechanical strain gage. Comparisons indicate fatigue sensor
response trends are compatible and consistent with measured strain history/
fatigue damage trends for both the full scale test and operational field
aircraft.

The fatigue sensor application to aircraft structural fleet
monitoring shows promise (this promise is further amplified in Reference 1).
Fatigue sensor structural usage trends have been compatible with other
available fleet monitoring data, and field aircraft instrumentation and
long term data collection have been accomplished with minimum aircraft
dowd’imc/uscr impact.

RECOMMENDATIONS

1. Install fatigue sensors suitable for the data analysis methods of
Reference 1 on a sample of USAF Continental United States' aircraft,
preferably aircraft with operative Life History Recorder and/or

e Mechanical Strain Recorder installations. Apply the data analysis

methods and compare results with Life History Recorder and Mechanical

Strain Recorder results for field verification and application

ref inement.

Reference 1. - "A~37B Fatigue Sensor Data Analysis Methodology Program'",
Aeronautical Systems Division Technical Report ASD-TR-75-42, October 1975,
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SECTION 1

INTRODUCTION AND DISCUSSTON

A INTRODUCTION

This report presents the work effort and results of the
Fatigue Sensor Evaluation program on the A-37 final full-scale fatigue
test and operational field aircraft. Thirty—-six months of data collection
and analvsis are covered by this report. This work was conducted per
requirements of Reference 2 and under the authorization of Contract
F33657-71-C-0163, P00037 and P00026.

This report is organized into six sections and two appendices.
Section I contains the introduction and discussion and Section Il describes
full-scale fatigue test instrumentation and data analysis. Sections III
and TV discuss field aircraft instrumentation using new FM fatigue sensors
and Reference 3 original fatigue sensors on the lower wing spar. Section V
contains landing gear instrumentation of field aircraft. Section VI
describes the installation of sensors on the forward banjo fitting of LHR
aircraft and Section VII provides a program summary of results and conclu-
sions. Appendix A documents fatigue sensor data collected from both the
fatigue test and field aircraft. Appendix B presents measured strain
spectrums used to predict fatigue sensor response.

Fatigue sensors were installed and data collected at eight
locations on the final full-scale wing and carry-thru fatigue test, at
one wing location on sixteen operational A-37B aircraft and on the landing
gear of two aircraft to evaluate the feasibility of sensor application to
aircraft structural fleet monitoring. In addition, the forward banjo
fittings of six new production aircraft were instrumented late in the
program. Micro-Measurement FM @ fatigue sensors were used for all
instrumentation based on results of the Initial Evaluation Program (Reference
3) and Laboratory Test Program (Reference 4).

Full-scale test data were used to form calibration response
(response to a known loading) for comparison to operational aircraft response
as a measure of severity of usage. Usage severity trends developed for the
data collection period are presented by this report.

Reference 2. — "Fatigue Sensor Fvaluation, Final Fatigue Program', Cessna
Report 318E-6918-213K, 2 June, 1972.

Reference 3. - "Program for Fvaluation of Annealed Foil Fatigue Sensors,"
Final Report, Cessna Report 318E-7219-029, 30 June 1972.

Reference 4. - "Fatigue Sensor Fvaluation Program - Laboratory Test Report,"
Aeronautical Systems Division Technical Report ASD-TR-75-33, October 1975.

8 M Sensor - Trade name of a fatigue life gage assembly which contains a

load and temperature compensating strain gage, and a mechanical strain

amplifier.
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Predictions of fatigue sensor response are made for both the
full-scale test and field aircraft using measured load spectra. These
predictions are compared to actual response for correlation of fatigue
sensor data with the measured spectra.

B DISCUSSTON

Fatigue sensor application to aircraft structural fleet
monitoring continued to show promise:

a) Long term data collection is possible with minimum effort
required; consistent data trends have been indicated for
1,000 hours operation on individual aircraft.

b) Field aircraft instrumentation and data collection caused
minimum aircraft downtime and produced no burden on users.

¢) Fatigue sensor usage severity trends are consistent and
compatible with measured strain history data on both full-
scale test and operational aircraft.
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SECTION 11
FULL-SCALE TEST CALIBRATION
A INTRODUCTION

Fatigue sensors were installed, as shown in Figure 1, at six
critical structure areas of the A-37 Final Full-Scale Wing and Carry-Thru
Fatigue Test conducted per Reference 5 test plan. Sensors were monitored
periodically during the test and resulting data were compiled to form
calibration curves for each critical location. The calibrated test response
at a given structure location forms a baseline for a comparison of fatigue

sensor response at the same structure location on operational field aircraft.

B FATIGUE SENSOR INSTALLATION

Fatigue Sensors were installed near suspected critical structure
locations based on results of fatigue analysis, previous fatigue tests
(Reference 3), and engineering judgement. Six structural areas and eight
sensor locations were selected for instrumentation as listed by Table 1 and
Figure 1. Two sensors were installed per critical location on the RH and
LH sides of the structure. In addition, Micro-Measurement TG temperature
sensors were installed adjacent to sensor location #4 on the RH and LH front
spar to monitor Structure temperature for each fatigue sensor reading. The

data collection panel/Vishay indicator (Figure 3) were used to read
temperature sensors. The Micro-Measurement FM fatigue sensor was used for
all installations; previous evaluation programs (References 3 and 4) have
indicated the suitability of the FM sensor for this application. Fatigue
sensors were installed per manufacturer's instructions (Reference 6) and
using techniques described in Reference 4. Micro-Measurement M-16 adhesive
was used for all installations. Figure 2 shows a photograph of a typical
installation.

Four sets of fatigue sensor installations were made during the
fatigue test as noted by Table 1. These installations coincided with test
start and major test inspections. Several sensor installations were replaced
with adjusted multipliers to achieve desired calibration response.

Reference 5. — Cessna Report 318E-7016-165, "Final Full-Scale Wing and
Carry-Thru Fatigue Test', dated 20 August 1973.

Reference 6. - Micro-Measurement Instruction Bulietin B-142, "FM Series
Multiplier and M Bond M-16 Cement Application Instruction'", dated 2 February
1972.
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SENSOR 3R

Figure 2
Inboard Front Spar Installation
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Location #7 was added during the second installation to provide coverage
of the rear spar structure. Location #8 was added to duplicate the field
aircraft installation.

c PREDICTED RESPONSE

Initial predictions to select multipliers (before test start)
were made using a preliminary strain spectrum, Final predictions shown
by this report used measured strain spectrums based on a range pair type
cycle count of measured sequential strain peaks.

i Test Spectrum Description
The full-scale test was cycled under a flight-by-flight spec-
trum loading which was applied on a repeating time block basis. One time

block consisted of:

a) 500 individual simulated flights

<

o

b) 505.3 simulated flight hours
c) 31044 applied cycles
d) 5 test load configurations

Seventy blocks were applied for a total of 35371 test hours (8843 safe life),
or 35,000 flights.

NOTE: A complete description of the test spectrum organization
e is presented by Reference 5 and the strain exceedance data is included in
Appendix B of this report.

N

Strain Transfer Function

The available strain load spectrum for each critical location
was based on net strain at a control point, Fatigue sensor response pre-
dictions used a transfer function to adjust control point strain to the
fatigue sensor location. Figure 4 summarizes transfer functions used at
the lower front spar, W.S. 55.16., Transfer functions for all sensor pre-
dictions are listed as follows:

T, TP W s W e ey R v S —— s




SENSOR_LOCATION CONTROL_POTINT TRANSFER FUNCTION
i1 No prediction ———
#2 Wesa 55,16 .15
#3 W.5. 55.16 1.00
#4 No prediction i
#5 WS G50 1.00
#5 @ W.8. 91.50 0.67
#6 No prediction T
#7 No prediction ~——-
#8 Wl 5516 108

Transfer functions were developed using fatigue sensor strain
gage element and/or conventional strain gage readings at the instrumented
location versus the measured control point strain. Figure 5 shows develop-
ment of the strain transfer from WS 55.16 to location #8 using strain
gage data.

3 Multiplier Setting

The effective FM multipliers developed by Reference 4 laboratory
tests were used for response prediction calculations:

Nominal Eff Multiplier
Mult Value (Ref 4, Fig 7-2)
250 2.62
3.5 3,42
4.0 4,10 (est)

4 Calibration Data

The constant amplitude calibration data developed by Reference 4
laboratory tests for the FM fatigue sensor were used for response prediction
calculations. Data shown by Table 18, Reference 4 were input to the response
prediction computer program (mean strain assumed zero).

D DATA COLLECTION

1 Data Collection System

Lead wires from individual fatigue sensors were routed to a
data collection panel in front of the test article (Figure 3). This
data collection panel was developed for Reference 4 laboratory tests, and
was designed specifically to read FM fatigue sensors and TG temperature
sensors with minimum effort and possibility of error. The data collection

a8 - Followine atructural beef-up at W.S. 91.50.
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panel contained a switch position for each fatigue sensor and a zero
reference (Micro-Measurement S-100-05 precision resistor) for the initial
zero adjustment of the readout indicator (Figure 3). In addition, another
switch selected the composite sensor (half bridge readout), the fatigue
sensor element, or the strain gage element of the FM sensor, as well as
switching in the required dummy resistor used in reading the individual
sensor elements (quarter bridge readout).

A Vishay Model P-350 strain indicator was connected to the
data collection panel to read fatigue sensors and temperature sensors as
outlined in Appendix C, Reference 4.

2 Data Collection Procedure

An initial zero resistance reading was recorded for each
fatigue sensor pricr to test start. Fatigue sensor resistance change was
read at approximately 250 test hour intervals (twice per time block) with
a more frequent interval for early sensor response (0 - 2000 hours) due
to the logarithmic nature of fatigue sensor response. The actual reading
interval for fatigue sensor data is listed by Appendix A. Fatigue sensor
readings were taken on a non-interference basis and were timed to coincide
with test inspections or tape changes on the fatigue test loading system.
All fatigue sensor readings were taken with "hydraulics up'" on the test
article which is a repeatable zero load condition used as a starting and
ending point of cycling.

Structure temperature was recorded for each fatigue sensor
reading to correct resistance data for temperature effects. The temperature
for each reading is noted by Tables A-1 thru A-7, Appendix A.

The resistance of both the composite fatigue sensor and indivi-
duar elements was recorded for each fatigue sensor reading. This procedure
served as a measure of quality control on the data since the difference
between individual elements may be used to check the composite reading and
the strain gage element should be stable for a repeatable static load
condition.

E DATA ANALYSIS

1 Data Reduction

All fatigue sensor data collected from the A-37 final full-
scale fatigue test are presented in table form by Appendix A. These data
are presented as sensor resistance change (Delta R) which is calculated by

12
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subtracting sensor initial zero reading from each test reading and correct-

ing for temperature variations. FM sensor temperature correction data is

erence 4., Sensor resistance change data from Appendix A and
h 2.3) are plotted
by structural area in Figures 7 through 14. Figure 6 is a data plot of FM

iminary full-scale test (Reference

contained in Ref
corresponding predicted response (when available, Par

sensor response at location #2 on the prel
3) and is included for comparison of preliminary and final tests. 'Test
Hours' on the plots refers to sensor test hours, rather than airplane test
hours. Figures 7-14 represent 1.12 test safe lives, while Figure 6 represents
1.42 safe lives (The preliminary test safe life was 7013 hours).

Four sensors initially installed at locations #5 and #6 gave
abnormal response and are not included in data plots. These sensors were
removed from the test article and examined. Air bubbles in the M-16 adhesive

produced out of tolerance multiplier performance.

In reviewing fatigue sensor data plots, the local variations of
the test spectrum are observed to produce fluctuations in the sensor response
rate. However, the block to block sensor response forms a smooth function
which may be compared to predicted response and is used for development of
calibration curves.

Fatigue sensor response at different structure locations may be
compared (same multiplier setting) for a relative indication of strain history

severity. Table 2 makes a comparison of sensor response at 1000 test hours
this table and reviewing

for several structure locations. From comparisons of
data plots (Figures 7 through 14), the following comparisons are made for the
£ !

final full scale fatigue test:

a) Test loading is symmetrical on the test article by noting
minimum response scatter RH to LH at all locations.

» b) The final full-scale test (training spectrum) is more
severe than the preliminary full-scale test (combat spec-

trum, Reference 3) at the lower front spar, WS 55.16.

c) The lower wing surface (front spar) is more severe than
the upper surface at both inboard and outboard locations.

d) Lower front spar, WS 91.50 is the most severe location
(prior to beefup).

W -4 -

e) WS 91.50 is approximately equal to WS 55.16 on the upper
front spar and is more severe on the lower spar.

13

SO e sen s e o 0k o T ARSI S TN e P 0 Pt o - - - . - - -




9T°GS "S°M - 3suodsay 3s9] andyjey °TeOS TInd AIeUutwWilaly -

g 2an31y4

§rots

B RS

{

>m«u.—‘ H.‘.N

FEp

168L9 S Vv

€

x.?.#rml,nolf”ﬁ‘ ' % B
4

168 L

9§ Y

TPy

€

SI1S3Y

JONV.

JONYH)

HO

) Sk

(¥

14

— —

R o

LTI




8

f) Structural beefup on lower WS 91.50 reduces this location
to less severity than the upper spar at WS 91.50
g) Rear spar is less severe than front spar.

NOTE: Data comparison trends indicated by items (c) and (g)
were also exhibited by the preliminary fatigue test (Reference 3).

Predicted response for the full-scale test was generally close
to actual response.

F CALIBRATION CURVE

Test data from the full-scale test was used to form a cali-
bration curve for comparison with fatigue sensors on operational field
aircraft. Field aircraft were instrumented identical to location #8 on
the full-scale test. Test data from location #8 were curve fitted using
a characteristic fatigue sensor curve shape (constant amplitude data,
Reference 4) as shown by Figure 15. Due to variations of severity within
the spectrum, the curve fit was based on a smooth fit of block to block
fatigue sensor response (500 hour interval).
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SECTION 1TLI

FIELD AIRCRAFT FM SENSOR INSTALLATION

YWCTTON

ixteen A-37B aircraft at three CONUS bases were instrumented
fatigue sensors, one on each wing, at location #8 (Figure 2) and
on a quarterlv basis for thirty-six months. TFatigue sensors were
111 Tanuary 1973 by a Cessna Instrumentation Engineer and subsequent
auarterly data collection was made by Cessna Fleet Monitoring engineers.

]

T

Installation and data collection techniques are similar to
those described by Reference 3 preliminary program. Field aircraft response

data are compared to full scale test calibration and other operational bases
to develop severity of usage trends.
B INSTRUMENTATION

FM fatigue sensors were installed on sixteen CONUS aircraft
follows (all aircraft with ECP 94 wing):

Base Using Command bate No. of Aircraft
Barksdale AFB AFRES 11-12 Jan 1973 5
England AFB TAC 13-14 Jan 1973 6
Marvland ANG ANG 27-28 Jan 1973 5

e three using commands had previously shown usage variations
(Reference 3). FM sensors were installed to confirm these trends.

Instrumentation included one Micro-Measurement FM221-02.5L

fatigue sensor per wing spar (RH, LH) installed at WS 56.80 (location #8,

- Figure 2) and one Micro-Measurement TG temperature sensor installed on the
L.l spar adjacent to the fatigue sensor. A short lead wire was installed
from the fatigue sensor to a five pin connector installed in the 4022287
wheel well access panel. Figure 16 shows the fatigue sensor installation
kit and Figure 17 shows the wheel well access area for installation and
data collection.

Several of the instrumented aircraft had previously been
inetrumented with Dentronic fatigue sensors by Reference 3 program. In this
case, the original inboard Dentronic sensor was removed to make room for the
Micro-Measurement sensor while the original outboard sensor was left intact

for long term monitoring.

TR REIEENG PIRAE upe - .
; » o M” T N

L T e e




3TY UOY3IE[TBRISUI 3IJBIADATY PI¥T4 - 9T 2an31g
TINVd SSHOOV (IIATJON ——

. JOSNIS dFNOILVA

d7aNNY FYIM J

-

P




UOT3I03TTOD

BIR(

pue

uorjeyieasu]

10sua§ andraieyg

ac

]

$5200V TTaM

[22up

LT

2an31g

TANVd

SSIDIV

L8TTTOY

Ml
W 1.10.‘1

K]




Fatigue sensors were installed by a Cessna team (Instrumen-
tation and Fleet Monitoring engineers) with excellent support provided by
Air Force personnel at each base. Air Force personnel removed access panels
required for access to the front spar and operated ground heaters required
to cure the fatigue sensor adhesive,

The Micro-Measurement FM sensor was easier to install than the
Dentronic sensors used in earlier programs. Total aircraft downtime was
four hours which included:

a) One hour clean spar, mix adhesive, position sensors

b) Two hour adhesive cure using 140° F ground heater

¢) One hour wiring and initial zero

The installation procedure is described as follows:

Step 1 - Accegs to Front Spar

Aircraft were moved to a hangar or maintenance area for the
installation work. Air Force personnel provided access to the front spar
cap by:

1) Lowering inboard gear door

2) Disconnect gear door actuator and cycle to "gear up"
position

3) Remove the 4022389 and 4022287 access panels.

Figure 17 shows the wheel well area with the access panel
removed.

Step 2 - Install Sensors

FM sensors were installed using manufacturer's instructions
(Reference 6) and using techniques described by Reference 4. This included:

1) Clean spar cap and mark sensor location
2) Install temperature sensor (Micro-Measurement ETG-50DP)
adjacent to LH FM sensor using Eastman 910 adhesive

(Figure 18)

3) Position FM sensor on spar using a piece of cellophane tape
(3M #157) placed across the top of the sensor

4) Mix and apply M-16 adhesive

-

5) Cure adhesive for two hours at 140°F
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Step 3 - Install Wiring

Sensor wiring consisted of installing short lead wires (approxi-
mately 18") from the sensor to a five pin electrical connector installed in
the modified 4022287 access panel. Wiring was tied to an existing wire
bundle to assure no interference. The LH connector contained leads from
both the fatigue sensor and temperature sensor using three and two pins
respectively. A placard cautioning handling of the electrical connector was
installed adjacent to each connector as shown by Figure 17.

Step 4 - Apply Protective Coating

The FM sensor wiring/solder joint and TG temperature sensor
were coated with '""M-Coat A''@ gage protective coating and a pad of BLH
Barrier "E"P for electrical and mechanical protection. The FM sensor was
not covered to avoid changing the multiplier performance (the rubber-like
encapsulating material of the FM sensor multiplier assembly provides a
measure of protection).

Step 5 — Sensitivity Check

To check operation of the FM sensors after installation, a store
load was placed on the outboard pylon (WS 191.50). Reading the FM sensor
as a strain gage (Gage Factor = 2.0) -60 to -80 micro strain response was
recorded from all sensors (static load varied from 155# - 175#).

Step #6 - Zero Reading

An initial zero resistance reading was recorded for each fatigue
sensor; all sensors were within tolerance (100 + 1.0 ohms) for this reading.
Reference data consisting of aircraft loading configuration, ambient tempera-
ture and total airframe hours were also recorded. TInitial zero reading data
for the sixteen instrumented aircraft are listed by Tables A-8 thru A-23.

aM Coat A - an air drying liquid polyurethane protective coating intended
for strain gage applications, manufactured bv Micro-Measurements, Romulus,
Michigan.

BLH Barrier E - A neoprene and rubber polym¢ patch type protective coating
which provides waterproofing and mechanical p »tection for strain gages,

manufactured by BLH Electronics, Weltham, Massachusettes.

31




emble Aircraft

Aircraft were returned to the Air Force for reassembly and
flight status.

‘ DAT4 COLLECTION
! Data Collection System

The field data collectiion system used the following elements:

a) Vishay Model P-350 indicator with a gage factor setting
= 9,82 to produce a direct reading of ohms resistance.

b) A precision 100 ohm resistor for zero reference (mounted
on plug-in block to fit Vishay indicator).

¢) A three conductor cable lead wire with plug to fit
receptable installed in wheel well.

d) A temperature sensor signal conditioning network for
Vishay indicator with leadwire and plug.

€) A dry bulb thermometer to record ambient temperature.

The hand held probe system used by Reference 3 and Reference 7
programs for fatigue sensor resistance readings on field aircraft was
discarded in favor of a five pin plug receptacle mounted in the wheel well,
[he probe system worked satisfactorily for two contact points as required
by Dentronic sensors but was less than desirable for three contact points
required by the Micro-Measurement FM sensor. The plug system was employed
with improved accuracy of data and ease of data collection., Use of a
five pin plug allowed the fatigue sensor and temperature sensor on the
LH wing to share a common plug.

oy
The temperature sensor readout used a Micro~Measurement LST

network to adapt TG temperature sensor output signal to the Vishay P=350

indicator. A direct reading of temperature (°F) was indicated with 0,1°F

resolution.

Reference 7, = "T-37B Fuselage-Empennage Scratch Gage and Fatigue Sensor

Study", Cessna Report 318B-7319-030, dated 29 March 1974,
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y Data Collection Procedure

Fatigue sensor data collection on field aircraft required

ipproximately five minutes per aircraft with the following activities:

a) Zero the Vishay P-350 indicator by plugging in the "zero
block" (Item b, Paragraph 3.3.1) and adjusting the indicator
null balance (gage factor = 9.83).

b) Connect Vishay indicator to plug receptacle in wheel well
(RH and LM) and read fatigue sensor resistance (balance
indicator). One micro-strain (ue) indicated equals 0.001
ohms,e.g.,a +243 indication would be +0.243 ohms.

¢) Recheck indicator zero after reading fatigue sensors.
d) Cenrect Vishay indicator with temperature network to the

LH wing plug and read structure temperature (direct
reading °F). Note: Gage factor = 2.00.,

e) Record supporting data (aircraft hours, ambient temperature,
loading cont iguration, date).

3 Field Data Collection

Fatigue sensors were read by Cessna Fleet Monitoring engineers
on an approximate quarterly interval. Reading activities were coordinated
with Air Force personnel at each base who provided access to the aircraft,
Fatigue sensor readings were conducted on a noninterference basis with
data collected between flights or during normal aircraft downtime.

The FM sensor features strain and temperature compensation
(Reference 4), which allows fatigue sensors to be read with a variety of
aircraft load contigurations and ambient temperatures. However, a
repeatable load configuration was used for carly fatigue sensor readings
. (if available) to minimize static load effects on small resistance changes
(see Reference 4, Paragraph /.4).

Two of thirty-two sensors installed were found to be defective
during field data collection, In both cases (aircraft 70-1241, 69-6833),
the tatigue senscr strain gage element was found to be erratic, These
failures are typicai of those encountered during the Reterence 4 laboratory

test program (l10% premature tailure rate for this test series).

Tables A-8 through A-23 list field data coiiected from 12
January 1973 through January 1976,

3
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The major difficultv encountered in fatigue sensor data
collection was fatigue sensor wiring disconnected or damaged as noted by
fables A-8 through A-23 (wiring for seven of thirty-two sensors installed
was damaged).

Wiring damage occurred primarily during the ECP 171 modification
activity (contractor team) and normal Air Force phase inspections. The
problem was isolated to the fatigue sensor electrical connector installed
in the 4022287 access panel. In spite of a placard to the contrary
(Figure 17), the panel was being removed without removing the connector
(wiring disconnected by jerking).

[t became apparent that the connector location was a poor
selection. The previous fatigue sensor wiring for Reference 3 program was
never damaged (over 1,000 hours operation) with the connection point on the
wvheel well web adjacent to the access panel. The lesson to be learned was
that of keeping fatigue sensor wiring and connections out of high maintenance
traffic areas.

[he following modification to the fatigue sensor lead wire
routing and electrical receptacie location has been developed:

a) Moving the electrical connector from the access panel to
upper wheel well (mount with existing tooling hole).

b) Jonding fatigue sensor lead wire to spar cap (6 inch
adjacent te fatigue sensor) using EC 1300 contact cement.

Damaged fatigue sensors on Maryland ANC aircraft were repaired
or replaced. These aircraft received the wiring modification.

The six aircraft stationed at England AFB were transferred
in August 1974, 69-6366, 6367, and 6369 to Grissom AFB, 69-6368 to Youngs-
town, 69-6370 to Hancock, and 69-6371 to Maryland ANG.

- b DATA ANALYSTS

. bata Reduction

Fatisue sensor data collected from A~37 field aircraft are
presented in Table form by Appendix A (Table A-8 through A-23). These data
are presented as sensor resistance change (Delta R) which is calculated by
subtracting sensor initial zero reading from each field data reading and
correcting for temperature variations (see Reference 4 for FM sensor
temperature correction data). All temperature corrections were small
(smaller than anticipated before Reference 4 program) and did not measurably
affect sensor response data.

34
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Field data are plotted by base location and compared to full-
scale test calibration and predicted response using a scratch gage measured

spectrum. Figures 19 through 22 present field data plots and respective

comparisons, The scratch gage measured spectrum for each it !
Appendix B; response predictions are consistent with methods and techniqu
used for the full-scale test (Paragraph 2.3).

& Data Trends and Observations

Field aircraft fatigue sensor response is compared in terms of
position above or below reference data for an indication of operational
severity. Data points above reference indicate greater severity of
cumulative strain history while points below indicate less severity of
cumulative strain history than that associated with the reference data.
The following paragraphs discuss A-37B field aircraft severity trends
resulting from fatigue sensor data.

a _I_rhjividual__.»\.j_r.cr;nl Irends

Individual aircraft response data, figures 19 through 21, indicate
individval aircraft sensors (RH and LH) tend to track together. Early sensor
response among individual aircraft at a given base is scattered but tends to
converge as flight hours are cumulated. This pattern indicates local
variations in individual aircraft usage severity and data scatter with
convergence on the aircraft user operation spectrum as the usage sample
increases, which supports the assumption that usage is ergodic.

Some of the fluctuations (scatter) in early sensor response
(below 0.1 ohm) are due to sensfitivity to ambient temperature (temperature
correction applied) and static load variations with small resistance
changes, Imperfections in strain and temperature compensation for small
FM sensor resistance changes are discussed by Reference 4.

e b Operational Base Trends

A variation of severity between bases (aircraft users) is
apparent by examining Figures 19 through 21, Figure 22 shows medial
response lines for the three bases, Bases are listed in order of decreasing
severity:

BASE USER
England AFB (Grissom) TAC
Maryland ANG ANG
Barksdale AFB AFRES
33
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.‘3('}{.\’1'(31»_&3‘:&_1_}'1'_l(_i-'_l:\‘lr"l.\"l'}.___'l’/\i‘f‘_l_‘?_.;I DAMAGE RATES (REFERENCE 5)

Flt. Hours Relative Severity*
Base Reduced ___(Base/Test)
Test — LB
¥neland 224 N,/
Marvyland 304 0. 3%
Barksdale 348 0. 156

* Comparison of fatigue damage rates at W,S. 55.16

lower front spar cap

10.0 = A~37 FULL-SCALE FATIGUE TEST COMPARTSON
WITH FIELD OPERATIONAL DATA

LOWER FRONT WING SPAR

- OHMS
o

CHANGE

0.1

RESISTANCE

0.01
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Figure 22
Field Aircraft Response Comparison with Full Scale Test
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Proportions of fatigue sensor response suggest Maryland usage
to be slightly less than England/Grissom and Barksdale to be considerably
less than both of the other bases, This severity trend is the same as
that developed by Reference 3 fatigue sensor instrumentation. Also the
trends are consistent with scratch gage damage rates developed by

Reference 8 program (see Figure 22).

C RHH to LH Wing Trends

A comparison of RH versus LH sensor response shows little bias
in data; the LH wing tends to be slightly higher at all bases. This data
indicates the effects of unsymmetrical loading and flight maneuvers are
small on front spar strain history.

d Field Aircraft Versus Full-Scale Test

Figure 22 compares full-scale test calibration developed by
Figure 15 with field aircraft response at three bases; the test is more
severe than all field aircraft operations., This same trend is indicated
by scratch gage damage rates developed by Reference 8 program (see Figure
22 and B-=2).

e I'ield Aircraft Versus Scratch Gage Prediction

Fatigue sensor response on field aircraft is predicted using
the measured strain spectrums for A-37 operational usage developed by
Reference 8 scratch gage data collection. The measured spectra for each
operational base are documented by Appendix B and predictions are made
using the transfer function and techniques described for the full-scale
test (Paragraph 2.3). The resulting predictions are plotted by Figures 19
through 21,

Predicted response from scratch gage spectra compares favorably
with actual fatigue sensor response although predicted tends to run slightly
higher., It should be noted some bias may exist in the scratch gage spectra
since that effort was directed toward collecting an adequate sample of
each signification store load-mission code combination used by a particular
base (Reference 8); the fatigue sensor data is based on the store load-
mission code distribution used by the base during the data collection period.
The scratch gage data was collected during the first nine months of 1973
which coincides with the FM fatigue sensor installation and initial data
collection.

Reference 8, - "Fatigue Damage Rates of Individual Mission Type-Store Load
Configuration'", Cessna Report 318E-7419-028, 13 January 1975,
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Another comparison of scratch gage prediction versus fatigue
sensor actual response was made by Reference 7 for the T-37 canopy rail.
Both of these cases (Reference 7 and this report) tend to demonstrate
fatigue sensor response on field aircraft is compatible with the measured

strain spectrum of the scratch gage.

E FIELD PROGRAM RESULTS

a) Sixteen aircraft at three CONUS bases were instrumented
with two FM fatigue sensors per aircraft on the lower
front spar.

b) Collected 13700 hours of data during thirty-six months.

¢) A comparison of field aircraft data with the final full-
scale test inaicates the test is more severe,

d) Usage severity trends per operational base are indicated
and are compatible with scratch gage damage rates per
base.,

e) Predicted fatigue sensor response using a measured scratch

gage spectrum compares favorably with actual fatigue sensor
response per base.
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SECTION 1V
FIELD AIRCRAFT LONG TERM INSTALLATION

A INTRODUCTION .

The Reference 3 program instrumented sixteen A-37B aircraft at
three CONUS bases with four Dentronic SAP fatigue sensors each and monitored
these sensors from 24 Jul.\‘ 1971 to 3 May 1972. The Dentronic SAP sensor
was the primary fatigue sensor evaluated by the original Reference 3
program while the current program is evaluating the Micro-Measurement FM
sensor. However, several of the original Dentronic sensors have bheen
monitored bv the current program for an additional twenty-four months as
a measure of sensor longevitv.

B DATA COLLECTION AND ANALYSIS

The majority of original Dentronic fatigue sensors were made
unusable by aircraft transfer or removal to install new FM fatigue sensors
as noted by Paragraph 3.2. However, four outboard sensors on four aircraft
were left intact (Figure 18) and have been monitored in conjunction with
FM sensor data collection (Paragraph 3.3.3). No further Dentronics data
was collected following the issuance of the interim report, Reference 10.

Data collection and analysis methods were consistent with those
described by Reference 3, Tables A~24 through A~27 list Dentronic sensor
data available for the total period and Figure 23 plots this data.

Figure 23 shows the Dentronic sensors have indicated consistent
response trends for approximately 1000 hours operation.

An additional measure of fatigue sensor longevity has been
developed by the Reference 7 program where FM fatigue sensors have indicated
consistent data trends for 1000 hours operation on the T-37 fuselage-
empennage.,

A-37 sensor installations at the three Air Force bases of
Section 3 (England AFB aircraft now reassigned to three bases) have all
accumulated approximately 1000 flight hours. In addition, under laboratory
conditions (see Reference 4), approximatelv 50 percent of the sensors tested,
performed satisfactorily through a cycle life equivalent to 10,000 flight
hours or more, In view of this, it seems likely that the greatest hazard to
the longevity of a properly designed sensor installation will be inadvertant
mechanical damage.

Reference 10, - "Fatigue Sensor Evaluation Program Interim Full-Scale Fatigue
Test and Field Aircraft Instrumentation Report'", Cessna Report 318E-7419-039,
31 October 1974,
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SECTION V

ELD AIRCRAFT LANDING

GEAR_INSTALLATION

A [NTRODUCTION

fatigue sensors were installed on A-37B field aircraft
pear structure to monitor severitv of operational Toads

I : ‘ relative to
»/ landing gear fatigue test (Reference 9). Two

aircraft (S/N 69-6370,

69— ¢ T Enc AFPB were i -
= it England AFB were instrumented at four locations identical to the
fatigue test ‘hes ocati 3 z
e test. [hese locations were selected to monitor side and drag loads
each gear. l

Location

(Reference 8) Mult Load Moni tored
/MA (LH Main) 25 Drag
10ML (LH Main) 3.0 Side
2 Nose) 540 Drag
INT (Nose) 240 Side

ANALYSES

A-37B landing gear fatigue sensors were monitored in
mijunction with data collection for FM sensors installed on the wing spar

(5ection 3.0). Data collection methods were similar to the wing spar

except a three prong probe was used to connect the readout indicator
(similar to Reference 7 data collection). Tables A-28 and A-29 list

landing gear data collected. As with the Dentronics Wing Spar Sensors, no
lata was collected after issuance of the interim report, Reference 10.

Figures 24 and 25 are comparison plots of test calibration and
ld aircraft response, Field data are from Tables A-38 and A~29 while
t calibration is from Reference 9.

As an indication of operational severity, field aircraft data
points are compared in terms of position above or below the test
alibration curve. Points above the calibration indicate greater severity
while points below indicate less severity. The small sample of field data
limits the comparison to only a general indication; trends should be
judged accordingly. The following trends are summarized from data

mparisons:

a) Field aircraft (training operation) have higher severity of
drag loads on both nose and main gear than the fatigue test,

b) Field aircraft (training operation) have lower severity of
side loads on both nose and main gear than the fatigue test,
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A ENTRODUCT LO}
icro=-Measurement FM Fatigue ( 1
forward 11 itting of ix operational field rel t t
Reterence program, e installation wa made
3-1058 through 73-1061 and 73-1063 and 73-1065 i
tallation of Life History Recorder equipment ' . )
ivision. [he location of these sensors (sec iorure 6H) 1 f
me of the FM sensor locations used in the Fuselage-Empennage Full
est (Reference
B JALA
Jata « to tihe ol ¢ r t =
Wing Spar Installation, except that a Cannon MCl2E-8-3PN minature plug and
matching socket were used for each sensor. These were made accessible
the removal of a single inspection panel located on the forward side of the
banjo fitting (see | 2
The timing of the LHR program wa such that these e

not installed until the November 1974-April 1975 time period. o reading
were taken after August 1975. In addition, this installation was designed
as a long term installation using the old i

Therefore, the resistance change data available is not significant.

I'he banjo fitting fatigue sensor calibration curve 1sed on

Fuselage-Empennage Full Scale Test data is shown for reference in Figure

Comparison of the available field data v

probability that field usage will be less severe than the test spectrum.
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Fatigue Sensor Installation - Forward Banjo Fitting
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S ECTION VII

RESULTS AND CON(

WORK EFFORT COMPLETED AND RI I

Wing and Carry-Thru Fatigue T

a) Installed fatigue sensors at ight 1 i 1s on final full
scale wing and carry-thru fati test 1d developed
calibration response.

b) Fatigue sensor response comparis
l. Final test (training spectrum) i re severe than
preliminary test (combat pectr it the wing

root lower surface,

2. Lower wing surface is more vere than upper
surface,

3. Lower front spar, W.S. 91,50 the most severe
I »
location (prior to beef-up).

c) Developed calibration response for comparison to field
aircraft instrumented at W.S. 55.16 lower front spar.

Field Aircraft

a) Installed FM fatigue sensors at the wing root on sixteen
A-37B field aircraft at three bases and collected data

on a quarterly basis for thirtyv-six months.

b) Continued monitoring Dentronic sensors installed by
Reference 3 program in conjunction with item (a) data
collection,

c) Continued monitoring landing gear sensors installed by
Reference 9 program in conjunction with item (a) data
collection,

d) Installed and monitored banjo fitting sensors per Reference
2,

e) Predicted fatigue scnsor response using load spectra
measured by mechanical strain gage (scratch gage).
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1) atigue sensor response ('nmp;n‘it;un shows:

L. Fatigue test is more severe than operational
aircraft at the wing root.

2. Severity of operational usage varies with each
using command.
}J. Fatigue sensors have indicated consistent data

trends for 1000 hours field aircraft operation.

4. Operational landing gear drag loads are higher
in severity than the fatigue test while side
loads are lower in severity based on a limited
amount of data.

> Predicted fatigue sensor response using a
measured strain spectrum compares favorably with
actual response.

B CONCLUSIONS
Fatigue sensor application to aircraft structural fleet
monitoring continues to show promise:

a) Fatigue sensor usage severity trends are consistent
and compatible with measured strain history data on
both full-scale test and operational aircraft.

b) Long term data collection is possible with minimum
effort required; consistent data trends have been
indicated for 1000 hours operation on individual
aircraft.

¢) Field aircraft instrumentation and data collection

f .® caused minimum aircraft downtime and produced no
burden on users.,
, C RECOMMENDAT IONS
The programs covered by this report were developed using the
data comparison method of data analysis,i e, 'this data is more (or less)
severe than the reference data." Since the initiation of these programs,
more advanced methods of data analysis have been developed (see Reference 1),
These methods are capable of:
52
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a) Establishing an approximate strain exceedance curve which
produces the same fatigue damage as the actual strain history
(Equivalent Exceedance Historv Method).

b) Indicating directly the fatigue damage accumulated by the
instrumented structure (Direct Damage Method).

Based on the availability of these data analysis methods, it is

recommended that the field program be redirected as follows:

-~

a) Install fatigue sensors on a sample of USAF Continental
United States' aircraft, preferably aircraft with
operative Life History Recorder and/or Mechanical Strain
Recorder installations. These would be multiple sensor
(2 sensors minimum, 3 recommeded) installations for each
structural location to be monitored, and would have a
maximum spread of sensor multipliers consistent with the
expected range of operating strains. This tvpe of instal-
lation would be specifically designed for the Equivalent .
Exceedance History method of data analysis described in
Reference 1.

Apply the data analysis methods and compare results with Life
History Recorder and Mechanical Strain Recorder results for
field verification and application refinement.

b ) Instrument all current production run aircraft with Fatigue
Sensors with particular emphasis on aircraft scheduled for
foreign military sales.

1. Install multiple sensors on a sample of each probable
fleet grouping. These would be used with the Equivalent
Exceedance History data analysis method of Reference 1 to
establish typical usage spectrums.

2. Install a single sensor on all such aircraft. These would
be used in conjunction with the Direct Damage data analysis
method of Reference 1. This would provide (with the
information from paragraph a) a complete fleet tracking
program if it should be needed, to aid in the disposition
of future structural integrity problems, or to belp formu-
late inspection policies.

mf‘—;,- PN T - -~ BT T —
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are made. These

d)

inalize the data analysis methods, the following recommendations

recommendations are also stated in Reference 1.
Refine and computerize methods. This would include:

l. Preparing more accurate AR versus maximum strain/slope
table for Exceedance History Method.

2. Developing a method to establish the effective multiplier
of an installed sensor. .

3. Computerizing and documenting the use of the Lquivalent
Exceedance History Method and the Direct Damage Method.

4. Refining the application cof mean strain effect.

Conduct laboratory tests to obtain:

4. Basic performance data on high multiplier FM

sensors. (Higher multiplier will be most

adaptable in the proposed method.)
b. Temperature compensation and '"creep' data on improved
adhesive/sensor combination (M-17 Adhesive).

Study the feasibility of methods to relate fatigue sensor
response to crack growth. Since a common driving force of
cyelie strain exists between fatigue sensor response, fatigue
damage, and crack growth, it appears feasible that a methcd
could be developed to relate fatigue sensor response to crack
growth.
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APPENDIX A

FATIGUE SENSOR DATA
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A-378 FATIGUE SENSCR EVALUATICN PROGRAM
ULl SCALFE TEST AND FIELD ATRCRAFT INSTRUMENTATION
FINAL REPORT

FATIGUE SENSCOR DATA TABLE A-1

A— 37 WINO-CARRY THRU FULL SCALF TEST (Installed at 0 Test Hours)

INITIAL ZERQ READING 1R 1L 2R 21 3R 31
e R Lo R 5.0 5.0 2.6 2.6 4.0

ERO TEMP = 89.8 -0.478 =05 E2% -0. 090 -04343 — 06620 0.:225

ALCULATED VALUES DOF DELTA R

FAD HJURS TEMP 1R 1 2R P 3R 3L
i 4. 90.4 0.023 0.023 0.003 -0.001 0.012 0.015
o e 82e2 0.035 0,027 0. 031 0,017 0,069 e DTO
e 26, 8045 0. 046 0.041 04036 0. 029 06092 0095
4. 36, 81l.2 0.109 0.104 0ls 1 31 0.119 0.0 0.291
S €0 €848 0.190 Cel8S 0.238 06223 Bei0) Q53T
be 107 8248 0.268 0e268 0e 357 04343 0.0 06802
Ts 157 85.3 0.373 0.377 0.507 0.492 0.0 1.142
8. 216, B7.C Ce 400 0+406 0. 566 04551 04,0 14270
9, 250 8240 Ce460 0e461 0s 636 0.620 0.0 le4l3
10. 325, €4 .8 C.566 0.568 0.775 0.761 0.0 1. 702
13 386, 8747 Ce628 0.631 0866 0.851 D0 1.880
124 459, 8445 0. 671 0,670 06954 0.939 0.0 2.057
135 5C4 89.0 0.678 0.680 0.962 0.947 0.0 2.075
]"9- bC?. Q*.l, C.?bq 0'787 1' 10‘9 11391 ’J'O 2.349
15, 703, €64 6 0e836 0.834 1.189 1.181 0.0 2.504
18 8C7. 86.5 0. 546 0.945 1.319 1e312 040 24740
7.5 998, 8643 1.019 Leal] le4l7 Lot 00 2.898
184 1010. 84.7 1.029 1.020 l.443 1.440 0.0 2.943
19. 1113 85.6 1.110 1.103 le 547 le544 010 3,101
200 1209, 83,8 1+146 L1337 1. 612 0 0.0 0224
4 i 1313. 84.5 1.230 1222 1.702 1.704 0.0 3,422
22 1416, 864G 1.283 1.278 1,782 1,785 040 3.595
Py 1516, B6e9 1.282 1276 le 790 1804 0.0 3.636
24 . 1618. 86.9 1.349 1.343 1.867 1.869 0.0 0.0
5 1714 8747 1.382 1.374 14919 1.920 040 0.0
‘7"0 ].h??l 8508 ln’f‘:" 1.1051 2.00“ 2.002 O‘O 0.0
27 . 1919. 83.4 1.508 1.492 2.064 2.061 0.0 0. 0
284 2023, 8840 1. 515 1+499 2.081 2.082 0.0 040
» 29 2123, 8247 1,582 1.562 20157 2+155 0.0 0,0
30. 2219, 86.0 1.608 1.583 2,207 2.203 0.0 0.0
3te 22170s B3.7 1.657 1+ 634 24256 24252 0.0 0.0
324 2525 8342 ls 721 14691 24356 2+355 0.0 0.0
33 2715. 85.6 1.840 1.813 2.515 24522 0.0 040
34, 3031 Bl el 1.898 1.878 24616 2615 040 0.0
35, 3280, 73.7 2.010 1.967 2.769 2.764 0.0 0.0
36, 3636, 18,2 2.066 2.060 2.888 2+875 0.0 0.0
37 3786, 8le¢9 Zelbb 24157 3,051 3,010 0.0 0.9
v 18, 4041. 76.1 2.223 2+210 3.163 3.112 0.0 0.0

NOTE-- CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZFRO TEMPERATURE
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A-378 FATIGUE SENSOR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-1 (Continued)
FATIGUE SENSOR DATA
A-37 WING-CARRY THRU FULL SCALE TEST

CALCULATED VALUES COF DELTA R

READ HOURS TEMP 1R 1L 2R 2L 3k 3L
39. 4547, 8l.7 2.3178 2.+340 3.459 3.440 0.0 0.0
40 5052, 7741 2¢524 2e4€3 3 775 00 0.0 0.0
41 955¢ 7661 2.719 2612 4e 206 0.0 0.0 0.0
2. 60€3. 75.9 2.915 2.762 4. 707 0.0 0.0 0.0
43, 6CEG,. 775 24909 29 52 44 109 0.0 O« 0 0.0
44, 6272, 7845 24912 2 1195 4. 103 040 Ue0 0.0
45. 61€2. 76.3 24979 2.786 4.801 0.0 0.0 0.0
46, €228, 8le 5 3.001 2800 0.0 0.0 0.0 C.0
47, 62€5, 82e & 3.001 2.7S68 0.0 0.0 0.0 0.0
48. 63€6, 60,2 3.078 2.841 0.0 0.0 0.0 0.0
49, 6467, Bhel 3.120 2+ 869 0.0 0.9 N.0 0.0
50 6568 8242 34129 2.874 0.0 0.0 0.0 0.0
514 66171. 85.4 34174 2:913 0.0 0.0 0.0 0.0
52 6T€T, 83,8 3.199 24939 Cs 0 De0 0,0 C.0
53 68171. 8542 3.265 29817 C.0 0.0 0.0 0.0
54, 6682, 82.5 3299 3,015 0.0 Ce0 0.0 0.0
55 TC73,. 8246 3.305 3,020 3.0 0.0 0.0 0.0
56 1176, 83.8 3355 3.058 0.0 0.0 0.0 0.0
57 1212 83.9 3+385 3.074 0.0 0.0 0.0 0.0
58 71376, 82.2 20466 34136 0.0 0.0 0.0 0.0
59. T471. 8l.2 3.524 3alTl 0.0 0.0 C.0 0.0
650 75178, 84.8 3527 3.176 0.0 C.0 0.0 0.0
61le T€33, 8440 3. 546 3176 Ce 0 00 Ue 0 0.0
62. 7¢82. 82.8 3.580 3.221 0.0 0.0 0.C 0.0
63. 77178, 8367 3461C 2.240 0.0 0.0 0.0 0.0
544 7882 506 4 34,680 34308 0s O 0.0 Va0 0.0
65. 1683, 834 3.714 3+323 0.0 0.0 0.0 0.0
66 80¢€4,. 8l.9 3125 34326 0.0 0.0 0.0 049
67, 8333, 84.3 3.853 3.416 0.0 J.0 0.0 0.0
68, 8589, 8l.8 3,531 34460 Ce0 C.0 0.0 0.0
69, 8E3G,. 82+4 4,095 34551 0.0 0.0 0.0 0.0
70. 9CS4. 854 4 44217 3.6C7 0.0 0.0 .0 0.0
T1. 5238, 8lea 4,332 3.667 Ce0 0.0 0.0 0.0
72 9600, 82.8 44649 34764 0.0 0.9 0.2 040
- 101C5. 67.9 C.0 3+903 0.0 C.0 0.0 0.0
14, 1L0€10. 86.0 0.0 44116 0.0 0«0 0e0 0.0
75 11116, 78.8 0.0 44 344 0.0 Je0 ¢ e 0.0
76 11621. 716.4 0.0 4.505 0.0 0.0 0.0 0.0
LA 12126, 7176 0.0 44730 0.0 0.0 0.0 0.0
78, 12€31. B6e & C.0 44574 0.0 0.0 0s0 0.0
79. 13137. 88.2 C.0 e eed 0.0 0.0 0.0 0:0
80 13442, 86+ 4 0.0 5e452 Ce 0 0«0 0.0 0.0
81, 14148, 87.5 0.0 5e 739 0.0 Us0 Oa 0 0.0
NOTE=- CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERD TEMPERATURE
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A-3T7F FATI1 UE SENSCR EVALUATICN PROGRAM
FULL SCALE TEST ANC FI1ELD AIRCRAFT INSTRUMENTATION

FINAL REPORT
TABLE A-2
FATIGUE SENSOR DATA
A-37 WING-CARRY THRU FULL SCALE TEST

INITIAL ZERU READINC 4F 4L

n I 3.5

ZERO TEMP = 8G.8 ~0e284 =0.C67

CALCULATED VALUES CF CELTA R

READ HOURS TEMP 4R 4L
le 4 G0e4 0. 040 CeC43
2e 21e 828l GaCit3 Oe CEC
3's 26. 80.5 C.CS0 0.06G¢&
“s 36. B8lel Cel40 Oesl84
S5e €0 B88e8 Ca4l5 CeaSC
6. 1C7. 82.8 C.596 0s€31
7. 157« &5 Qe £24 U.EQﬂ
Ee 216 8740 UeSC4 O.QQQ
9. 250. 82.0 1.011 1.C66

10. 325 B4ed l«218 lec?l

11, 38€a 8T.17 1.344 1.4C2
2. 45G. 8445 1.435 1.4S4

13, 504, 89.0 le4é€b w229

la. 6CT. E3e4 1.6€6 1« T2

15. 703 . Bbe O le72 14833
16 8C7. Bb+ 5 le9€4 2024

52 4 G08. Bba3 Z2«G83 2.141
18 101Ce. B4el 2 kll 2+175

19 1113, 854 € 24253 264301

20 . 12C9. 83.6 <«333 26 3 TE

2le 1313, 5445 <e490 Zasib

22 l4l6. B6eG 28995 266CS

23. 1516. b6.5 2608 25622

24 LELB. BE6e Y Ze812 P

25, 1714, 87.7 Ze8G3 248CC

26 . L827. 85.8 2.C75 2.9%1

27 1919, 83.4 S Ll 3.05¢€

28 2C23. 88.C 34209 3sCS8

29 2123 8247 S9d €3 32718

30 221G 86,0 3e44Y 3e314

31, 2210 83.7 3.5064 2«41

32. 2525 83.¢2 Sat97 3.704

33. 2115 b5 6 4e248 4elcl

34. 3031 t4 4 C.C 4.412

35. 3280. (3e1 C.C 4 E4E

36 336, 1Be2 C.0 A

37, 3786. 81.9 0.0 5.815

38 4041, 16,1 C.0 6e421

(I

-Ce 144

0.019
U CTU
C.095
06275
Ue 454
0.68¢€
Oe 954
1.082
1.201
1451
l.613
1e 770
1e801
2.051
24203
26423
2.564
Lo ©D9
e 840
2. 960
J.LZO
3278
3327
0.0

Ue U

0.0

0.0

Uel

0.0

nstalled

0e407

0e024
Ue Q90
O.118

W
(O8]
(08

.
551
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00000V OOOO0OLVoOBPRDObOoOL OO O

[efof-N=NaFalsfofoslolisllofolic foNogsRole

- Ce 29

Qe 00
06053
C. 066
Ol 84
Ge287
O.4la
O.L)b.\
0.623
De69¢€
335)3
Ds 931
0997
l.O.‘/
L«18%
l.du5
le 404
1.499
leb33
le 649
1.705
1«810
14889
1.900
l‘(jgt
2.045
2150
2wz i3
2,245
2a233
24380
2.443
2361
2s ]‘tL)
2.861
3.0064%
3.2“0
3.431
34595

NOTE-= CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED

TO THE ZERO TEMFERATURE
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Ue 011
0.021
O0.081
0.140
0.211
04290
Celd0OU
Jea3l
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Uedl6
O.Q}J
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0.801
Ce820
Ve 890
Oe92¢
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14033
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l.187
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1.286
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le458
1.551
le636
10094
1.780
1.831




A-378 FATIGUE SENSCR EVALUATICN PROGRAM

FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL KEPORT
TARLF A nt inued)

FAT]IGUE SENSCR UDATA
A-37 WING-CARRY THRU FULL SCALE TEST

HOURS TEMP ak 41 SR =1 8 6K 6L
39, 45417, 8le7 0.0 0.0 0.0 Je 0 44005 1e962
40, 5CS2. 1la.1 CeC 0.C Ce 0 0.0 4.51¢€ Z.086
41. 1557 5 716.1 0.C 0.0 0.0 Oe 0 5.05¢ 0204
4l 60€3 784 € C.0 0.0 0.0 N0 56306 26327
NETE=e= ALCULATE VALUES OF CELTA R HAVE BEEN CORRECTED

T
THE ZER TEMPERATUKE




A-37 FATIGUE SENSOR EVALUATICN PROLRAM
FULL : TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TIGUE N R DATA
A-37 WING-CARRY THRU FULL SCALE TEST (Install at 6064 Te
INITIAL ZEFE READING G4k 1 5R 51
{ .6

4 MP 1959 0.080 Je 122 -0s 274 -0e L1715 =]
ALCULA AL UF OF DELTA R
READ HOUR TEMP 4R +L 5R 5L
1. 6. t7+5 C.C38 0.038 Os118 0-118
2w e 1845 0. 04¢ 0sCav 0. 130 Del26
3. G9. 6.3 0.270 0.2965 0.994 D« 903
4. L€S. 8l.5 Ce36C 0e401 le 358 1220
Se 202, B82e4 0., 386 Ce430 le 468 1299
6. 303. 80.2 C.539 04599 U989 0.0
7 404 8442 Ceb4t Cet22 2e 3153 Je U
3. 505, 8242 0.676 Nel57 24 509 O0e0
Q. 608. £E5.4 0.786 0.878 2+851 0.0
1Ce 1C4 o 83.8 Ce 844 0e945 3095 Je U
l. 8C8a £5 e ¢ LeG54 1. 0€2 a4 l9 De D
12. 919 82«5 1.02¢ l.144 3.826 0.0
kS 1010, 824 6 le U440 1,168 e 938 Q0
l4. 11134 8348 lella le254 4e 351 Je J
15 1206. 83.9 l.164 1.302 4,709 0.0
16 1313 8243 1+252 le 407 Se 444 0,0
17, l4l4. 8lae2 14304 le 461 5983 Je0
18. 1515, 6448 1s3 L7 | T 6.20< 0.0
19 1570 B4 1+ 351 1¢515 6¢ 650 Ve 0O
20 1619, 8248 1.386 14555 7.181 V.0
2% 1715, 8547 1,423 1.5S%6 16907 0.0
224 15819 8D e4 1,500 leb 74 Ce 0 2+0
23 . 1920. 83.4 13236 1016 0.0 0.0
24, 2021, 81.9 1+ 55€ Lo 35 CeV Ue0
25 22170, B4 47 leb7¢ 1.876 0«0 Jed
6 . 2526 8l.8 1. 745 16953 0.0 0.0
27 2176 Ble4 lo”b" 2¢0G3 060 Ce0
28 3031 8564 le91l4 20 1€5 Ue U Qe 0
29 . 3175, 8l.4 1.97¢ 2224 Us 0 0«0
U 3537, B2e.8 ZeUbU 2e330 0.0 0e0
31 e 4042, Bl46 2e 205 2e566 Us U Us U
32. 4547, 86.C 2335 2.791 0.0 0.0
33, 5C53, (Be 8 ce4b8B £0926 00 040
4. 5558, (644 2e¢600 3s1€1 0s O Qs 0
39 60¢€3, 174¢€ 2719 36412 0. 0 0.0
36 . 6568. bbe4 Z+837 S5 83 0.0 C.0
37, 1C 14, 88e2 2e 564 040 0.0 042
38, 1575, B6a4 3.098 0s 0 Je U 0.0

NOTE-- CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATUPE
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A-37B FATIGUE SENSUR EVALUATICN PRUGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-3 (Continued)
FATIGJE SENSOR DATA
A-37 WING=CARRY THRU FULLL SCALE TEST

CALCULATED VALUES OF DELTA R

READ HIJIURS TEMP 4R 4L 5F Sk
39, 3C85, 675 3¢ 229 0.0 Ue 0 U. 0
40. 8094. 82 .6 3.227 0.0 0.0 UsJd
41 311411 86ed 34236 0.0 0e 9 ). 0
42, 314C., 869 Ze243 040 C.0 0.0
43. 8leEa. 84 .7 3267 0.0 C.0 0.0
44 8251, 89.2 3.304 0.0 0,0 0.2
45 8287, B2.3 3.307 0.0 0.0 0.0
46, 38388, G0.5 3.356 0.0 0.0 CeQ
417, 8491, 80e1 3,384 C.0 .0 0.0
48. 8590. 87.3 3.407 0.0 C.0 0.0
49, 8664, Gle 9 26462 00 0.0 0.0
50, 81785, €8, 2 34531 0.0 Ce0 0.2
51. 8893. G4 .C 3.621 0.0 0.0 0.0
52 8697, 78.8 3e671 0.0 0«0 Cs0
53, 9CSéE. 821 24698 0.0 Ue 0 Ce0
54. 916¢6. 80 .4 3.1758 0.0 0.0 C.0
55 YN E6e3 3.887 Ce O Ce 0 C.0
56 936G, t7. € Z2.918 0.0 (O] Ue 0
57. 9500. 954 2.G78 0.0 0.0 0.0
58 3601, 9le 6 4,001 0.0 Gs0 0.0
6‘7. 97(:‘0. 82.8 4-037 0.0 0.0 U-O
60. 98C0. 78.5 4.103 0.0 0.0 0.0

NOTE-- CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATUFRE
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A-3THE FATIGUE SENSCUR EVALUATICN PRUGRAM
ULL SCALE TEST ANC FIELC AIRCRAFT INSTRUMENTATIUN
FINAL REPORT

TABLE A-4
FATIGUE SENSCR DATA
A—=37 WING-CARKY THRU FULL SCALE TEST (Installed at 14148 Test Hours)
INITIAL ZERO READINC 4R 4L YR o 12 6R 6L
___________________ ) . 6 2.6 2 f
ZERO TEMP = 79,2 Ce0 0.0 06205 0« 060 Os118 Jel43

CALCULATED VALUES OF DELTA R

READ HOURS TEMP 4R 4L 5K 50 6R 6L
le Ge 8246 C.C C.0 0.017 0.024 Je 037 Ge028
2. 34. 86 .2 0.0 0.0 0.076 0.091 U.108 0.097
N 55 869 Ce0 Ce 0 Ce 107 Oell4 Oe 142 Oelé>
Ge S5, b4a.1 0.0 0.0 O« 186 Oe21Z 06252 Ue221
5. leo. 89.2 0.C 0.0 C.261 Ue 2895 O0«340 0.298
6e 202, 8242 C.C Ce0 Call5 0.302 0e37¢ 0s319
[ 303 . G065 0.0 CeC Ce 381 Oe4ls 0e 523 Oe448
8. 406. 80.2 C.0 0.0 C.476 O0.518 0.638 0.545
Fe 505 8762 C.C 0e0 0.498 Oe 541 0. 687 0e534

131 609, 919 0.0 O.C C-bgB Oe 642 0.815 Deb 72

11. 1C4. 8842 C.0 0.0 0. 642 0.692 0.894 0.759
12 3C8. G4.0 C.0 0.0 Oe 712 De 769 1.006 0e846

13, 912 8.1 CeC 0.0 Ca 775 0.835 1.092 0.917
l4. 1011, 8l.1 0.C O.C C.802 0.861 l.123 0.948

15 Lil4e 80«4 OeC 0.0 C.860 0«221 1215 14325

l6e 124, 8643 0.0 0.C Ce 346 1.005 1.323 1.105

L7. Wil 87.6 0.0 0.0 0.960 1l 022 Le 364 Lel40
18, 1415, 55‘7 0'0 0-0 1013 1074 le433 lel94

L9, l516. 9l .€ C.0C 0.C 1.041 1.103 l.461 1.220

20, 1L619. B2.8 0.0 0.C l. 061 Le 125 Le 505 le260
le L715. 718¢9 C.C 0.0 1115 lal 4 le 558 La31F
WOTE=-- CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED

TJ THE ZEKO TEMPERATUKE
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A-378B FATIGUE SENSCR EVALUATICN PROGKAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT

TABLE A-5
FATIGUE SENSOR DATA
A-37 WINS-CARRY THRU FULL SCALE TeST (Installed at 6064 Tes
INITIAL ZERO READING 3R 3L
S e T AR R LN .6 f
ZERD TEMP = 75,9 -0,210 Cs288

CALCULATED VALUES OF DELTA F

READ H) JRS T=MP 3R 3L
l. 6. TreD 0.030 C.023
2. Ge 7845 Cs 030 D.,022
2o GG T6e3 Cs260 0,232
4. 1€5. 8l.5 C.361 0.316
Se 202 82¢4 Cs384 C.338
O 303, 8J.2 Ca543 Je4l3
[ 404. 4.2 C.661 0. 579
8e 505. 8242 Ce6G7 0s612
Ge 6Q8. 654 Je 802 Qs 707

10. (04, 832.8 0.871 Je170

l11. 8C8. 8562 Ce973 0.862

12 919 8245 1. 054 0.935

13, 101C. 82.6 1.074 0.952

14, 1113, 83.8 1,148 l1.216

15, 12CS. 83.9 le 196 1,063
16, 1313. 8243 1.272 1.131

17 L4l4. 8le2 1320 Le179

18, 1515, 84.8 1.342 1.197

16. 1L570. 84.0 1.368 1229

20, 1619, 82+ 8 1+398 1.259

21. 1715 85.7 1.426 1.29¢9

22, 1819, 80 4 1+490 l.358

23, 1920, 83.4 1052‘0 1‘3(3("

24 . 2021. Bl.9 L 539 l.412

25 2270, 84e 3 le 647 14538

26 2526, 8le & Le?l? 1.620

2T 26« B4 1.807 BV 4 1 ¢

28, 3031, 854 4 1869 1o 786

29, 31¥5s Ble 4 1:915 00

30. 3531 82.86 2.005 0.0

31, 4042, 87.9 24137 0.C

32, 45417, 864 0 e 266 0.0

33. 5053, 78.8 <397 0.0

34, 5558, 164 2507 0.9

35. 6C€3, 7746 24611 0,0

36. 6568, E6e 4 2.7C7 0.0

37 1CT74, B8e ¢ Ze 192 0.9

38. 1579, 86 .4 <« 886 Q.0

NOTE-= CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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A-378 FATIGUE SENSCR EVALUATION PROUGRAM
FUuLL SCALF TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPQRT
TABLE A-5 (Continued)
FATICUE SENSQOR DATA
A-37 WING-CARRY THRU FULL SCALE TEST

CALCULATED VALUES OF DELTA R

READ HOURS TEMP 3R 3L
39, 8085. &E7.5 24955 0.0
40, 8094, E2.0 le 947 0.0
41, 811G, 862 24944 0.0
42. 8140. €6.9 2¢946 C.0
43, 8l¢E4, 8447 24956 0.0
44, 8251 86,2 24915 0.0
45, 8287. 82.3 259105 0.0
46, 8388, 904 5 2+ 995 0.0
47 84G1. 801 3.023 0.0
48, 8590. 67.3 3.021 C.0
4G, 8664, SleS 24052 0.0
50 8789. 88.2 2.061 0.0
Tl 88G3. 94.C 3.084 0.0
L)2‘ 8997' 78.& 3'1C6 O‘J
% I 9CG6 . 82.1 3.117 0.0
5S4, 9199, 8044 3el43 0.0
554 9369. 86,3 3.186 0.9
56. $399 ¢ 87. € 3.188 0.0
57 3500. 95e 7 2209 0.0
58, 5601, Sle.6 2.209 0.0
59. 9704 . 82.8 3.206 0.0
60, a80C. 7849 3247 0.0

NOTE— CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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A-378 FATIGUE SENSOR EVALUATIUN PROGRAM
FULL SCALE TEST AND FIELD ATRCRAFT INSTRUMENTATION
FINAL REPORT

TABLE A-6
FATIGUE SSNSOR DATA
A-37 WING-CARRY THRU FULL SCALF TEST (Installed at 6064 Test Hours)
INITIAL ZERD READING 7R 7
B A M s 55 3.5
ZERO TEMD = 75,9 -04263 =0.387

CALCULATED VALUES OF DELTA R

READ HOURS TEMP 7R Ll
le G 17165 -0-303 00(03
2. G 18.5 —=0+,002 0.002
3. 99. 164 3 C. 046 0.061
4 165. 8le5 0,072 0,087
e 202, B2 4 0.074 0,091
6o 303, 80. 2 0.106 0.130
Te 404, 844 2 0e139 0.168
8. 505, el 0.150 0.180
Y's 6C8, 85+ 4 Cel77 0,212

10. 704, 83.8 0. 194 0.233

11l. 808, 85.2 0.221 0.264

12, 319, 8245 C.246 06292

13, 1C10. 82.6 0.251 0.298

l4. 1113, 83.8 C.266 0s319

15, 1209, 83.9 0,281 04335

16. 1313, 243 0.303 0.362

17. l414. 8l.2 C.315 0s377

18. 1515, 84,8 Cs318 Ne382

19 1570. 84.0C 0.328 0.390

20, 1619, 824+ 8 0.339 0s401

21 L 1T15s 854 7 0.352 0e41l7

22. 1819. 80.4 0.377 .44l

23, 1920, B3.4 C. 380 Ceats?

24 2021, 8le9 0.387 0e455

25. 22170, 84.3 0.427 0.500

26, 2526, 8l. 8 0e451 De527

AT 2776‘l 244 0. 483 O.')(,)

28, 3031. 85.4 C.508 0.589

29, 3175, 8l b 0.523 0.607

30. 3537, 824 € 0.548 0.651

3l. 4047, 87.9 0.595 O.714

32, 4547, 86,0 C. 633 0.773

313, 5053. 78.8 C.671 0.823

3". 5558. 76.’0 0e696 0.862

35, 6763, 7746 0o 724 0,904

36. 6568, 86«4 Qs T55 0.962

s 1C%4, 88,2 0779 1,005

38, 7579, 864 4 CaB1l4 1,052

NOTE-- CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
T THF ZFRO TEMPERATURE
65
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A-=373 FATIGUE SENSOR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT
FINAL REPORT
TABLE A-6 (Continued)
FATIGUE SENSOR DATA
A-37 WING-CARRY THRU FuULL SCALE TEST
CALCIURATED VALUES DOF DELTA R
£AD A4 JURC TEMP e TL
19, 8085, 875 OeB44 1.090
40, 8094, 82.6 0.834 1.084
4l 8119, 8€4 2 Ne 834 1.083
4l 314C. 86.9 0.838 1.088
43, 8184, 84,7 0.845 1.098
44 o ‘%2‘51. 89,2 C.BQQ 1.1C1
45, 3287. 82.3 C.845 1.101
46. 8388, 90. 5 0s850 1.109
47, 8491, 80,1 0, 857 Tel2l
48. 8590. 82 0.856 1.118
49, 8694, 919 Ce862 l1.131
50 8789, 8842 CeB864 1.139
51. 8893, 94.0 C.868 l.141
52, 8697, 7848 0.871 1147
53, 9056, 8241 0.878 1.158
54. 9199, 80.4 0.880 l1.162
554 9369, 8€. 32 Ce 887 1,174
S6e 9399, 8746 0889 1177
5T 9500, 957 0. 894 1.188
584 9601 . Gle6 C.888 1.183
59 9704, 82.8 0s 871 1.170
60. 9800, 78.9 0.899 1.200

INSTRUJMENTATION

NITE == CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE 25RO TEMPERATURE
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A-378 FATIGUE SENSOR EVALUATION PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-7
FATIGUE SENSCR DATA
A-37 WING-CARRY THRU FULL SCALE TesT (Installed at 23470 Test Hours)

INITIAL ZERO READING 8R 8L

)

n 2.6 20

ZERD TEMP = 67.3 =0.03] 04325

CALCULATED VALUES OF CELTA R

READ HOURS TEMP B8R 8L
1. 26. 72.8 C.118 0.128
2e Che 83.2 C.209 0.221
3. 107. 84.8 Cel 72 Ce282
4. 146. 84.3 C.376 0.385
Se 201, 83.3 Ce459 04469
6e 276 83.1 Ce 491 0.50C0
1 342. 85.8 0.638 0.6C8
8e 406 8746 Ge857 0726
9. 47>, 83.8 Ce O Oe774

10. 676, 69.0 C.0 1.029

11. 77{')- 8‘);9 r') 1‘0(70

12. 878 G2e1 C.0 1.175
13. S73. 87.5 C.0 1.243

1‘90 1076. 58.(‘. O'O 1'336

15, 1176. 90.0 C.0 1.438

l16. 1276. 95.2 CeO lLe446

NOTE-- CALCULATED VALUES OF DELTA R HAVE BEEN CORRFCTED
TO THE ZERO TEMPERATUKE
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3783 FATIGUE SENSGR EVALUATICN PROGRAM
ALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-8

JPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55.16 FWD LOWER SPAR

A/C TAIL NO, INITIAL HOURS INST. DATE MEMP REF
69-63¢€¢ L137T: 8 1-14-73 82.0
BASE LOCATION IS GRISSOM MULT = | 2.5 GAGE FACTOR =9582

CALCJLATED VALUES OF DELTA R

R EA IATE TEMP HOURS LH RH
I=la15 82.0 Cc.0 -0.528 =-0.170
1 2=04- T3 70eC 45,1 0,028 2.9
2 &= 1215 61.5 54.7 0.01¢ 0.0
3 =233 67.C . 69+2 3,026 3.0
4. 3=09= 3 712.C 84.4 0.028 0.018
5» G- 60.C 130,2 044 0,031
6 e =22~ 12 102.2 227.4 0.070C 0.0
7e Gu28<73 78.C 392,1 02115  2+096
8. A=11-74 49.0 489.2 0.131 J.111
G 4=Q09~i4 €740 59442 0.152 J.132
10: 9-11-74 90.2 716.0 0.196  0.174
11, 1=27-715 28.C 763, 2 0,188 0.0
12, =Le=~ 1D €2.0 859.1 0.196 0.174
13, g=149~15 75.C 925.1 0,188 0.0

NOTF--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
T) THE ZERO TEMPERATURE

ACFT ORIGINALLY BASED AT ENGLAND AFB, TRANSFERRED AUGUST 1974
LH SENSOR WIRING DISCONNECTEDy REPAIRED FOR 3=-9-73READING
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A-378 FATIGUE SENSCOR EVALUATICN PROGRAM
Futl SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-9

JPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55.16 FWD LOWER SPAR

A/C TATL NO. INITIAL HOURS INST. DATE TEMP REF,
69-63617 1094.9 1-14-73 82.9
BASE LOCATION IS GRISSCM MULT = 2.5 GAGE FACTOR =9,.,82

CALCJLATED VALUES OF DELTA R

READ DATE TEMP HOURS LH RH
0. T=Ra=—tE 82.¢ 0.0 =0+395 C.093
1. 2-04-73 6945 33.5 0,023 2,728
2. 2=k2=13 6€.0 41.4 0.021 0.017
3. 2=23- 13 65.0 51.7 0,029 J.031
4. 3-09—1(3 74.0 78.5 0.033 C.019
5, 4=09 (3 66.0 1053 0.037 0.227
6 6-22-13 86.C 205.0 0.036 0.043
7» 9=28=73 82.0 319,6 2,073 J+259
S 1=Xi=T4 48.C 384.1 0.078 0.066
9» 4-CS-74 68,0 464,17 0,135 0 397

10. 9-11-74 74.0 56T.3 0133 0.125

L1, }=2 =75 28.C 674,51 0,132 Cs134

12, S=12=715 62 .0 683.5 0.129 0.137

13. 8-14-75 75.0 8l18.5 0s123 0,0

NOTF=-CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
T THE Z2ERO TEMPERATURE

ACFT JRIGINALLY BASED AT ENGLAND AFBy TRANSFERRED AUGUST 1974
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TE ~~CALCULATED VALUES OF

f

«

ENSOR DAMAGED

A-37B FATIGUE

TE C

TIONAL Al

AIL NO.

YA TE
= k3=i3
2-04-173
2= L3=i2
2=23= 13
3=0U9~ 3
4~-0G-T73

- e P
L
f=11-14
“ 1~ T4

17~ 74

1 5 4

13-79

3-13=~ 75

TO THE

-
|

[

1

[S

P |

ANO FIELD AIRC
FINAL REPO

RT

TABLE A-10

CRAFT FATIGUE §
NING STATION € 0

5¢185 FWD L

INITIAL HOUFS

106146

YOUNG STOWN

TEMP

t{C‘l

12 .0

55.C

61 .C

724C

90.(
78.0
€4, C
68.C
70, C
716 .0
55.C

(5«0

IFR0 TEMPERATERE

SENSUR EVALUATICN PRCUGRAM
RAFT INSTRUMENTATION

ENSOR DATA
WER SPAR

INST. DATE

1 =3 =

MULT =

HOUFRS

752

2949

39+ 4

105.4

189,8

300.5

372-4

459 .4

i A

T16.4

750,6

835.4

ELTA R HAVE

JRIGINALLY BASED AT ENGLAND AFB,

———— g

-

BY ECP 171 MOD ACTIVITY,

70

2+ 5 GAGE FACTOR =94 82
CAL COLATER VALHES OF BELTANR

LH RH

=Dim2 D3 Qe 498

0.022 0.038

e QLT 0032

0,028 0.0%1

Js9J19 J.036

0,023 0.048

.0 Js 64

0.0 0.107

D50 Oe 130

0.0 0«.145

d.0 0,177

0.0 0.187

Jisil Js 181

0.0 O«.187

BEEN CORRECTED

TRANSFERRED AUGUST 1974

B o ——

REPLACED 9=1

1-74




A-378B FATIGUE SENSCR EVALUATICN PRCGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION

F Wlate WEALRT

DPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55,16 FWD LOWER SPAR

A/C TAIL NO. INITIAL HOURS INST, DATE TEMP REF s
69-636¢ 165847 S-17-74 3240
BASE LOCATION IS YOUNGSTCWN MULT = 2,5 GAGE FACT3R =9,82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOUKS LH RH
O 9-17-74 82,0 0,9 )+ 240 2,0
l. =2 0= 15 76.0 119.3 0.031 0.0
2e 5=13= 15 554C 153.8 2,037 2,0
2. 8=13= (3 75.0 238.3 0.053 0.0

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TD) THE ZERG TEMPERATURE
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A~3783 FATIGUE SENSCR FVALUATICN PROGRAM
ILL SCALE TEST AND FiELD AIRCRAFT INSTRUMENTATION
FliceL REPCRT
TABLE A-12
)PERATIONAL AIRCRAFT FATIGUE SENSOR DATA
ING

A—-37 IN STATION £5,16 FWD LOWER SPAR
A/C TAIL NO. INITIAL HOURS INST. DATE TEMP REF,
59-6369 10756 I=1l4=1¢3 8 +4
BASE LOCATION IS GRISSEM MULT = 2.5 GAGE FACTOR =9.82
CALCJLATED VALUES OF DELTA R
READ DATE TEMP HOURS LH RH
s 1-14-73 78+4 0.0 ~0e 461 -04494
l. 2-04-173 74.0 24.2 0.028 0.022
2 2123 56, C 32,8 C.G29 Ce020
3s =23t 62.0 45.4 0.033 0.01¢
4, 3-Y9-13 70,C 62,9 0.039 0,024
D 4-09-73 6240 102.1 0.049 0.0
6y 622~ 5 11,8 20847 0,072 D050
[ 9-28-173 78.0 346.3 0.107 0.084
8 1=11-74 49,C 449, 4 22129 2.098
J . 4-09-T74 67.C 5233 C.l42 0.119
174 I-16- 74 8342 64746 2,162 ), 136
11. == 1> 62.0 7128.2 0.156 0.131
L2 8=14=15 7540 844, 2 2+169 0,134

NOTE=-CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TN THE ZERO TEMPERATURE

ACFT DRIGINALLY BASED AT ENGLAND AFB, TPANSFERRED AUGUST 1974

72

e ————————



e —

X=3 7B
SCALEC

FATIGUE SENSCR EVALUATICN PROGRAM

TEST AND FIELDO AIRCRAFT INSTRUM=ENTATION
FINAL REPORT
TABLE A-113

SENSOR DATA

TPERATIONAL AIRCRAFT FATIGUE

A-37 WING STATION 55,16 FWD LOWFR SPAR
NG TATE NGs INITIAL HOURS INST, DATE TEMP REF,
69-6316C 1047.2 1-14-73 77.5
BASE LOCATION IS HANCOCK MULT = 0.0 GAGE FACTOR =0.0
CALCJULATED VALUES JF
READ DATE TEMP HOUKS LH RH
T I=14=13 7745 0.0 -0.320 0s164
1. 2= 068=13 7445 2046 0,005 0.014
2 2=12-173 5545 23.5 0.004 0.001
3. 2-23~13 70.0 34.6 0.012 0.014
4, F=WH=03 €9.0 50,5 0.010 0,010
5. %4-09-13 65,0 80.5 0s011 0,019
G 6=~22~ 13 S3.4 64,8 0.018 0.0
Te 9=2 813 77.9 223.6 0.061 0.0
8. 1-11-74 49.0 323.8 0,075 0.0
9's 4-09-74 80.0 396.7 0,103 0.0
a1 8-26-74 8546 46,2 0.119 0.0
11» O=14~15 62.0 460.,2 0.136 0.0
12 8=20=175 6840 66847 Uas 128 0,0

NOTE--~CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE

ACFT ORIGINALLY BASED AT ENGLAND AFB, TRANSFERRED AUGUST 1974
RH Sensor Wiring Disconnected
13
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A-378 FATIGUE SENSCR EVALUATICN PROGRAM4
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-14

JPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION €5,16 FWD LOWER SPAR

A/C TAIL NO, INITIAL HOJRS INST. DATE TEMP REF,
69<63T1 L0777 1-14-73 81.0
BASE LOCATION IS MARYLAND MULT = 2.5 GAGE FACTOR =9,82

CALCJLAT=D VALUES OF ODELTA R

READ DATE TEMP HOURS LH RH
Os 1-14-73 81.0 0,0 -0.069 =-0.105
¥ 2-04-173 7345 33,5 3.013 (0.018
2. 2-12-13 & Taks 39,6 0.007  0.006
3, 2-23-73 €440 45,8 0,009 0,017
4, 3-06-73 7240 6249 0,019 0.009
5., 4-05-173 6740 90.6 0,016 0,010
64 6-22-13 8€4C 9045 0s025  0s01%
;i 9-28-73 78.0 2056 0,059 0,034
84 1-11-74 6540 328,3 0097  0.115
9. 4~09-74 6840 399,6 0,098 0.0

10, 8=27-T4 7849 537.1 0,148 0,0

11+ 9-19-74 74,0 544.9 0,143 0,0

12 1-28-75 €040 58641 0,153 0.0

13, 5-14-175 82.0 640.5 0s161 0.0

14, 8-19-15 8140 58549 0167 0.0

NOTE-=CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZFRO TEMPERATURE
ACFT ORIGINALLY BASED AT ENGLAND AFB. TRANSFERRED AUGUST 1974

RH SENSOR WIRING DAMAGED - REPLACED 9-19-74

74




A-378 FATIGUE SENSOR EVALUATICN PRCGRAM
FULL SCALE TEST AND FIELD AIRCRAFYT INSTRUMENTATION

FINAL REPORT
TABLE A-15

OPERATIONAL ATRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55,16 FwWl LOWER SPAR

A/C TAIL NO. INITIAL HCOURS INST. DATE TEMP RcF.,
69-6371 162246 G-13-74 T4,5)
BASE LOCATION IS MARYLAND MULT = 2,5 GAGE FACTIR =9,82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOURS LH RH
Oe S 7440 0.C 0.0 0,002
1. 1-28-75 60.0 4le2 0.C 0.014
2e 5=14—=15 8240 95.6 0.0 0.035
3 8-16-75 8l.C 141.0 0.0 0.059

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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N
Futl

JPERATIOVAL
A-37 WING

AfC TATL

69-6386

CAlI E
) AR I .

378 “ATIGUE SENSCR EVALUATICN PROGRAM
TE

BASE LOCATION

ST AND FIELD AIRCRAFT

EINA

L REPORT

TABLE A-16

INSTRUMENTATION

ATRCRAFT FATIGUE SENSOR DATA

STATIUN 55,16 FWD LOWER SPAR
NO . INITIAL HCURS INST, DATE TEMP REF,
8C0.0 1=28-2 75.3
IS MARYLAND MULT = +s5 GAGE FACTOR =9,82
CALCJLATED VALUES OF DELTA R

DATE TEMP 1C0UKS LH RH
1‘28"73 75'3 f)‘) °":'v340 —’)'609
3-30=1(3 55.6€ 26.8 0.004 0.007
6=28=173 81.C 8l.6 J.J23 2,023

9=07=73 91 € 181.6 0.023 0.0

1_22'74 43‘: 251.6 3-918 )00
9-19-174 70.0 462.3 0.0 0.072
B= L 9= {5 81,0 563,3 D) 2,133

NOTE--CALCULATED VALUES
TO THE ZERO TEMPERATURE

RH SENSOR WIRING

OF DELTA R HAVE BEEN CORRECTED

DAMACED BY ECP 171 MOC ACTIVITY

’ RH SENSOR RECONNECTED 9-19-74
LH SENSOR RFESPINCE LOw, REPLACED 9-19-74
76
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A-37B FATIGUE SENSOR EVALUATICN PRCGRAA
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUM:=NTATION
FINAL REPORT

TABLE A-17

DPERATIONAL AIRCRAFT FATIGUE SENSCR DATA
A-37 AING STATION 55.16 FWD LOWER SPAR

AZC TAIL NO. INTTIAL HOURS INST. DATE TEMP RZF.
69-638¢6 1262, 3 $ G174 70.0
BASE LOCATION 15 MARYLAND MULT = 2.5 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOURS LH RH
O 9-19-74 7060 0.0 -0.054 0.0
l, L el 28T 81.C 101,0 -0,031 0,0

NOTE-—CALCULATED VALUES OF DEiTA R HAVE BEEN CORRECTED
T3 THE ZERO TEMPERATURE

77 .
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e s o e OBl

FUL

OPE
A-3

A/C

69~

A-37B FATIGUE
L SCALE TEST AN

SENSCOR
D FIELD
FINAL
TABLE

EVALUATICN PRCOGRAM

ATKCRAFT
REPT

A-18

RT

RATIONAL AIRCRAFT FATIGUE SENSUOR DATA
£5.16 FWD LOWER SPAR

7 AING STATION

TAIL NO. INITIAL HOURS

6388

BASE LOCATION IS M

READ DATE
y 19 1-28-13
1. 3-30-73
24 6-28-13
e 9-07-13
4y 1-22-74
5. 5-07-74
64 9~ 18- 174
7. 1-28-75
B 5-14~75
9. 8-19~175

6C0. 5

ARYLAND

TEMP

75.0

72.0

40.C

82,0

81l.C

INSTRUMENTAT ION

INST. OATE TEMP REF.
1~=28~73 68 .9
MULT = 2.5 GAGE FACTOR =9.482
CALCULATED VALUES OF DELTA R
HOURS LH RH
0.9 -2.574 -2.824
71.2 0.033 -0.857
168,51 0.226 2.0
26T.7 0.030 0.0
355.,6 2,070 0,0
48T7.1 O 111 0.0
55643 0,123 0.2
685.5 J.156 0.0
806,1 J» 1389 0,9
912.2 00208 0.0

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED

RH SENSOR DEFECTIVE,

TO THF ZERO TEMPERATURE

e a0 R L T

R e

78
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A-378B
FULL SCALE

JPERATIONA
A-37 WING

FATIGUE SENSC
TEST AND FIEL
FINA

R EVALUATICN PROGRAM
C ATRCRAFT INSTRUMENTATION
L REPORT

TABLE A-19

L AIRCRAFT FAT
STATION 554,16

IGUE SENSOR DATA
FwD LOWER SPAR

A£C TAIL MNOs INITIAL HOURS INST. DATE TEMP REF,
69-4338 1087.6 5=-17-74 75 .0
BASE LOCATION IS MARYLAND MULT = 2,5 GAGE FACTOR =9.82

READ YATF TEMP
Y 5-C7-74 750
1. G- 18- 74 720
P 1-28-75 4040
3. 5-14-75 82 .C
4, 8~-19-75 8140

NOTE--CALCULATED VALUES

T

FHE ZERO TEMPE

CALCJLATED VALYES BGF DELTA R

HOURS LH
0.0 Je 0
69,2 0.0
196,0 3.0
319.0 0.0
425,1 Js 0

OF DELTA R HAVE BEEN CORRECTED
RATURE

19

RH

=0w319

0.021

J.057

0.081

Jelleé




A-3178

e SCHLE

JPERAT

A-37 WING

IONAL AIRCRAFT FATIGUE
STATION

A/C TAIL NO.

69-6389

FATIGUE

TABLE A-20

55.16 FWD

L OWER SPAR

INITIAL HOURS

1G6.7

BASE LOCATION IS MARYLAND

o)

n
>
)

Gy

DATE
L=28-75
3—30-¢3
6=28=15
9=C 113
1-22-74
4-29-174
9-2C- 74

1=28=75
o=l6=(5

8=E9=15

TEMP

83.6

47,C

717.5

83 'r

7440
79.0

40,C

INST.,

SENSOR EVALUATICN PROGRAM
TEST AND FIELD AIRCRAFT
FINAL REPORT

SENSOR DATA

L=28=173

MULT =

HOURS

144.2
224,56
289.7
380-5
557.1
667,52
741.6

829,3

&

DATE

INSTRUM=NTATION

TEMP REF.,

83.6

.5 GAGE FACTDR =9,82

CALCULATED VALUES OF DELTA R

0.036
2,053
0.073
2,087
0.099
J,120
0.126

Jelav

NOTF--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TJ) THE ZERO TEMPERATURE

LH SENSOR WIRING DAMAGED BY ECP 171

RECONNECTED 4-29-74 BUT FOUND TO BE UNSTABLE,

LH SENSORREPLACED 9-20-74

80
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A-378 FATIGUE SENSCOR EVALUATICN PRUGKAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPDORT
TABLE A-21

IPERATIONAL AITRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION £5.16 FWD LOWER SPAR

!
A/C TATL NO» INITIAL HOURS INSTs DATE TEMP R=F,
69-6389 12353, 8 9=—20—1T% 719.0
BASE LOCATION IS MARYLAND MULT = 25 " (GAGE FACTOR =9.82

CALCULATED VALUES JF DELTA R

READ JATE TEMP 10URS LH RH
0. 9-20-74 79.C 0.0 0.280 0.0
le Al 40,C 110.1 2,042 249
2. 5-14-75 82.0 184.5 0.063 0.0
Je S=19=fh 81.C 27242 0,191 252

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CURRECTED
TO THE ZERO TEMPERATURE

81




A-378 FATIGUE SENSCR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPQORT
TABLE A-22

JPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 NIN3 STATION 55.16 FWD LOWER SPAR

A/C TAIL NO. INITIAL HOURS INST. DATE TEMP REF.
696393 638.1 1=28-173 17,2
BASE LCOCATION IS MARYLAND MULT = 2.5 GAGE FACTOR =9,82

CALCULATED VALUES OF DELTA R

. —————— ——— ———————————————

READ JATE TENP HOURS LH RH

Oe 1-28-173 172 0.0 -0.463 -0.533

1s 3-30-73 5442 58,2 04024 04043

2 65-28-173 76 .4 161.7 0.055 0.053

| 3, 9-27-173 83.C 260,2 0.0 04790
4. 1-22-74 62 .C 360.5 0.0 0.119

5, 9~27-74 7840 66741 74159 04159

7. 1-28-175 40.0 T64.4 Oul?6 0178

By 5~14-75 8240 87641 2,327 0,190

» 9. 8-19-175 81.0 962.7 0.202 0.190

NOTE -=CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
T) THE ZERO TEMPERATURE

LH SENSIR WIRING DAMAGED BY ECP 171 MOD ACTIVITY,
RFCONNECTED 9-20-T4
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A-378B FATIGUE SENSCOR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-23

JPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55,16 FWD LOWER SPAR

A/C TAIL NO. INITIAL HOURS INST . DATE TEMP REF.,
66391 6004 5 1-28-173 69,2
BASE LNCATION IS MARYLAND MULT = 2,5 GAGE FACTOR =9,82

CALCULATED VALYES OF DELTA R

READ DATE TEMP HOURS LH RH
Je E~28- 13 69.2 0.0 -0+402 0,030
l. 3—-30-13 47 .¢ 81.5 C.047 0.020
2 6-28-13 8442 163.6 0.047 0,014
3 Q== 13 83.0C 201.3 0.0 0.076
4. 1-22=-14 43,0 332,0 0,0 0,097
Se 9-20-74 74.0 5€4.3 0.0 0.166
6o = 6= 40.C 691, 3 0.0 0,194
Te S=1 635 82.0 795.8 0.0 0.206
8. B=1 95 81.C 879,6 Cs0 0.234

NOTE --CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE

LH SENSOR DAMAGED BY ECP 171 MOO ACTIVITY, REPLACED 9-20-74

83




ASD=TR=T6~
SENSCR EVALUATICN PROGRAM
INSTRUMENTATION

A-378 FATIGUF
JLt. SCALE TEST AND FIELD ATRCRAFE
FINAL REPORT
TABLE A-24

JPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION £5.,16 WD LOWER SPAR

A/C TAIL NO. INITI AL HOURS INST. DATE TEMP REF.
6”‘('9/ 1164'5 9_23—74 7"-3
BASE LOCATION IS MARYLAND MULT = 2.5 GAGE FACTOR =9,82

CALCJLATED VALUES OF DELTA R

REAT DATE TE MP HOURS LH RH
Os 9=20-7% 74,0 0,0 0es372 0.0
le 1-28-15 40.C 1270 0.039 0.0
Ze 5-14-175 €24C 231.5 0,076 0.0
3 Bl 81.0 3153 0.098 0.0

NOTF--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZFERO TEMPERATURE

84
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AD=AQ42 114

UNCLASSIFIED

CESSNA AIRCRAFT CO WICHITA KANS WALLACE DIV

F/6 1/3

A=378 FATIGUE SENSOR EVALUATION PROGRAM = FULL SCALE TEST AND F==ETC(U)
ASD=TR=T77=4

MAR 77 R W WALKER: J Y KAUFMAN

F33657=71=C=0163
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A-378 FATIGUE SENSCR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATJON
FINAL REPORT
< TABLE A-25

JPERATINONAL ATRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55.16 FWD LCOWER SPAR

A/C TAIL NG, INITIAL HOURS INST. DATE TEMP REF .
70-1288 45648 I=—12—T3 47,9
BASE LOCATION IS BARKSCALE MULT = 2.5 GAGE FACTOR =9,82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOURS LH RH
0. E= 1213 47.9 0.0 0.084 0.300
1, 2=0a=173 68,0 28,7 2.023 7,001
2. 2=25=T13 65 .0 70.4 0.012 0.009
3. 3-10-173 T4,C 8l.8 J.078 ds212
4. 4-07-73 70.0 133.2 0.025 0.020
5. 4-28-73 86,C 145.3 2,027 J,J23
6. 6=21~713 G544 229.2 €.028 0.027
Te =2 1=13 95.1 326.5 Je 42 0,046
8. 1-10-74 45.0 411.2 0.049 0.050
s 4=17-14 67.C 533,2 0,251 3,057

10. g2~ 1% 87.4 687.1 0.060 0.066

11. ) ol 7 AT - 53,90 86843 0.071 2,085

12. 5-06-75 88.C 976.9 0.07% J.181

13, 8=18=~175 10049 1132,9 J.081 ). 187

NOTE --CALCULATEND VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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A-378 FATIGUF SENSCR EVALUATICN PRNOCKAM
SULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-26

JPERATIONAL ATRCRAFT FATIGUE SENSOR DATA
A-37 WING STATION 55.16 FWD LCWFER SPAR

A/C TAIL NO. INITIAL HOURS INST, DATE TEMP REF.
70-1289 506.8 L=k2="63 025
8ASE LOCATION IS BAPKSCALE MULT = 2.5 GAGE FACTOR =9,82

CALCULATED VALUES OF DELTA R

- ——— - —— ——

READ DA TE TEMP HOURS LH RH
ﬁ Ce. I=12-73 €2.5 0.0 -0.494 -0.002
le 2=03~13 6660 33,8 =032 =002
e 2253 £8.0 T4.3 0.003 J.007
3 3=10-=73 71.C 98,3 2,316 2+)32
4. 4-C7-173 67.C 122.2 0.007 0.007
5 =g 8=T2 854C 157.2 7,011 J»011
6. 6=21— 13 91 .1 228.4 0.034 J.022
Ts 9=21= T3 F4,.1 347.4 Js 4l ),033
8. 1-10-74 45.0 43642 0.040 0.037
- S 4-10-74 67.C 5427 15743 Ns42
10. 8-27-74 100 .2 7T16.4 J.055 0.098
ll. I=1 =15 5934+¢ 116 22062 Js )64
12. 05-06~75 90.C 1748.0 2.067 0.9
: 13, = L= 100e0 11344 J.368 2,59

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
T THE [ZERO TEMPFRATURE
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A-378B FATIGUE SENSOR EVALUATION PROGRAM

FULL SCALE

TEST AND FIELD AIRCRAFT INSTRUMENTATION

FINAL REPORT
TABLE A-27

JPERATIONAL AIKCRAFT FATIGUF SENSOR DATA

A-37 WING STATIONM

A/C TAIL NO.

T0=1290

BASE LOCATION IS BARKSCALE

£5.16 FWD LOWER SPAR

INITIAL HOURS INST. DATE TEMP REF,
435.1 1=12=173 55.1
MULT = 2.5 GAGE FACTOR =9,32

CALCJLATED VALUES OF DELTA R

- ——— i ——————————— ————— - -

READ DATE
0. 1-12-73
1s 2-03-173
% 2-17-73
3, 3-10-73
B 4-07-73
5e 4-28-173
be 6=21-13
7s 9-27-73
8, 1-10-74
9 4-10-74
i
10. 3-27- 74
11, 1-17-75
12, 5-0€-75
13, 8-18-175

5.1
7Cs0
41.C

75.C

78.C

100.C

HOURS

0.0
30.9

53.2

17,3
101.9
123, 4
205.4
336,3
399.9
484,9
670.1
827.8
963.5

108645

156
-0.469
~25005
-0.0C1
-0,201

0.C03
2,204
C.C24

Ce Oarl

d,05¢C
0.0060
2,082
0.085

0,087

RH
=0.365
=052299
-0.C10
=0.,026

0.007
Ja0)2
J.018

0x233

NOTE--=CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED

T) THE ZERO TEMPERATURE
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FULL

TPERATIONAL
A-37 WING

A

A=3T78 FATIGUE
SCALE TEST AND

/C TAIL NO.

TO—1 23

BASE LOCATION

K

EAD

DATE
T= 12—
I~12=-73
2=03~T3
Vi) (T S 15
3=10-173

4~-C7-173

STATION 55.16

L'S

TABLE A-28

AIRCRAFT FATIGUE

INITIAL HOURS

31982

EARKSDALE

TEMP

S

46,C

63.C

74.0

69.C

Gl.0

83.2

81.0

454C

SENSCR EVALUATICN PROGRAM
FIELD ATRCRAFT
FINAL REPGRT

SENSDR DATA
FWD LOWER S5PAR

INSTRUMENTATION

INST, DATFE TEMP REF.
1=12-73 AT
MJLT = 2.5 GAGE FACTOR =9.82

CALCJLATED VALUES OF DELTA R

HOURS

2599
48.7
78.8
104.4
171.9
283.1

325.8

LH

'0.835

0,029

0.004

‘31043

RH
-0.358
. 003
0.035
0.029
0.037
0.041
0.014
0,016
0.022

0,031

NOTE -=-=CALCULATED VALUES OF LELTA R HAVE BEEN CORRECTED
T3 THE ZERU TEMPERATURE
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A-373 FATIGUE SENSLR EVALUATICN PROGRAY
FULL SCALE TEST AND FIELD AIPCRAFT INSTRUM=ENTATIGNM
FINAL REPORT
TABLE A-29

OPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 AING STATION 55,16 FWD LOWER SPAR

A/C TAIL NO. INITIAL HOURS INST. DATE TEMP REF., J
71-0860 42,9 1=12—73 68«9
BASE LOCATION IS BARKSCALE MULT = 2,5 GAGE FACTOR =9,82

CALCJLATED VALUES JF DELTA R

READ DATE TEMP HIURS LH RH
0 1-12-73 6849 0.0 -0,282 -0.,124
1, 2-03-73 71.0 26.2 0.011 -0.005
2. 2-17-73 506 C 38.9 0,002 =-0.015
3, 3-10-73 79.0 66.6 0.002 =-0.012
4. 4-07-73 73.0 100, 1 0.015 0.005
L8 4-30-73 82,0 118.1 0.015 -0.009
R 6-21-173 89.6 21648 0,022 0,010
7, 9-27-13 10440 305.1 0,042  0.028
8. L-10- 74 4540 392,1 0.046  0.030
9, 8-27-74 123.0 6917 0.0 0.054

- 10, 1-17-175 51.0 86244 0.0 0,063
1ls 5-06-175 7640 1€08.7 0.0 04266
12. B-.8-15 100.0 1126.5 0,0 0,068

NOTE--CALCULATED VALUES OF DELTA R HAVE BEENM CORRECTED
TO THE ZERO TEMPE RATURE

LH SENSOR WIRING DISCONNECTED~PERMANENTLY DAMAGED
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A-37B FATIGUE SENSCOR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT

TABLE A-36

OPFRATIONAL AIRCRAFT FATIGUE SENSOR CATA
A-37 “wWD BANJD FITTING - WL 41.78

A/C TAIL NO. INITIAL HOURS INSTs DATE TEMP REF.
73-1C58 4¢ 5 1-19-74 700
BASE LCCATION IS GRISSCM MULT = 3.0 GAGE FACTOR =9,82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HCURS LH RH
0. 11-16-74 70.0 0.0 0.229 0.140
1. 12-l6c- 14 60.C 249 0.087 0,033
2. }—2 =75 28.0 24.8 0.082 0.033
3. 8=13=15 75,0 187.3 Oela7 0,075

NOTE-—CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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A-378 FATIGUE SENSOR EVALUATICN PRCGRAM
SCALE TEST AND F1ELD AIRCRAFT INSTRUMENTATION

FINAL REPORT
TABLE A-37

OPERATIONAL AIRCRAFT FATIGUE SENSOR CATA
A-37 FWD BANJO FITTING - WL 41.78

A/C TAIL NO. INITIAL HOURS INST. DATE TEMP REF,
3~1C5S 9.5 1=0T=15 764.9
BASE LOCATION IS GRISSCM MULT = 3,0 GAGE FACTOR =9.82

READ

3.

CALCULATED VALUES OF DELTA R

DATE TEMP HOURS LH RH
1-0& 15 68.0 0.0 Ce054 04295
1-27-15 2840 el 0.024 0,031
S5=12-15 62.0 102.7 0.013 -0.,020
8=13-75 75,0 188.8 0.076 0,095

NOTE-—CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED

TO THE ZERO TEMPERATURE
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A-378B FATIGUE SENSCR EVALUATICN PROGRA
SCALE TEST AND FIELD AIRCRAFT INSTRUME
FINAL REPORT

TABLE A-38

OPERATICONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 FWD BANJO FITTING - WL 41.78

A/C TAIL NO.

INITIAL HOURS INST. DA

73-1060 Se 6 1-06-75

BASE LCCATICN IS GRISSCM

READ

0.

l.

2e

3.

4

MULT = 3,0

M
NTATICN

T E TEMP REF.

68,0

GAGE FACTOR =9,82

CALCULATED VALUES OF DELTA R

———— ——— ————————— ——— —————————

DATE TEMP HOURS
1-C4-75 68.C 0.0
1-CS-175 76 .0 1.9

I=271=15 2840 155
«5=12=15 62.0 129.7
8-13-175 75.0 207.3

NOTE--CALCULATED VALUES OF DELTA R HAVE BEE

TO THE ZERO TEMPERATURE
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LH

0.092

0.068

0,070

0.116

0.140

N CORRECTED

0.0

S ————
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A-37B FATIGUE SENSOR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT

TABLE A-39

OPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 FWD BANJO FITTING - WL 41,78

A/C TAIL NO. INITIAL HOURS INST. DATE TEMP REF,
73-1061 5.0 1=13~175 72.0
BASE LOCATION IS GRISSCM MULT = 3.0 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

———————————— — o —— ———————————

READ DATE TEMP HOURS LH RH
Oe 1~13~15 72.0 C.0 0.094 0.042
l. 1=21=15 4840 3.3 0e04C 0e044
2 5=12-175 62.0 113.5 -0.006 0.016
3. =115 15,0 19440 0077 0.079

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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A-37B FATIGUE SENSCR EVALUATICN PROGRAM
FULL SCALE TEST AND FIELD AIRCRAFT INSTRUMENTATION
FINAL REPORT
TABLE A-40

OPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 FWD BANJO FITTING - WL 41.78

A/C TAIL NG, INITIAL HOURS INST. DATE TEMP REF,
73-1063 5.6 1-14-75 80.0
BASE LOCATION IS GRISSCM MULT = 3.0 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

—— s —— —————————————

READ DATE TEMP HOURS LH RH
O. 1-14-175 80.0 0.0 0.272 0.132
l. 5=l d =5 62 .0 123.0 0.065 0,077
2 8=13-15 75 .0 192.9 0.119 0.151

NOTE--CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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A-378 FATIGUE SENSCR EVALUATICN PROGEAM
FULL SCALE TESY AND FIELD AIRCRAFT INSTRUMENTATICN
FINAL REPORT

TABLE A-41

OPERATIONAL AIRCRAFT FATIGUE SENSOR DATA
A-37 FWD BANJO FITTING - WL 41.78

A/C TATIL NO. INITIAL HOURS INST, DATE TEMP REF.
73-1065 €.5 2=%-T5 73.0
BASE LOCATION IS YOUNGSTCwN MULT = 2.5 GAGE FACTOR =9.82

CALCULATED VALUES OF DELTA R

READ DATE TEMP HOURS LH
0e  04-11-175 73.0 0.0 0.650
34 5-13-75 5540 4841 0.049
2 8-13-175 7540 120.7 0.086

NOTE—CALCULATED VALUES OF DELTA R HAVE BEEN CORRECTED
TO THE ZERO TEMPERATURE
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SO

APPENDIX B

MEASURED STRAIN SPECTRUMS FOR

FATIGUE TEST AND FIELD ATRCRAFT
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TABLE B-1 - STRESS EXCEEDANCES AT W.S. 55.16
Measured alternating stress exceedances at W.S. 55,16 FSLC for full-scale
test and field aircraft (per 1000 flight hours)

Note: This cycle count based on "NLR" range-pair technique using sequential
strain history data

Alternating Preliminary 1 Final Full ¢ EAFB 3 manG 4 pAFB 2
Stress Range Full Scale Test Scale Test Field Field Fiela
A/C A/C A/C

0 - 500 27279 61193 27333 32387 34004

500 - 1000 26746 59594 22418 27400 26765
1000 - 1500 26014 53699 14894 186966 13410
1500 - 2000 25771 45450 9796 12178 5826
2000 - 2500 11275 37761 6491 758 3047
2500 - 3000 5894 16121 4341 4867 1775
3000 - 3500 5298 10245 2976 3060 1223
3500 - 4000 3324 5322 2048 1997 918
4000 - 4500 2059 5068 1482 1395 719
4500 - 5000 1748 2102 1143 1046 544
5000 - 5500 1183 1932 862 542 420
5500 - 6000 898 1627 643 691 308
6000 - 6500 861 1437 500 612 242
6500 - 7000 721 859 384 517 144
7000 - 7500 15 653 272 415 98
7500 - 8000 /11 598 210 280 66
8000 - 8500 705 544 148 188 29
3500 - 9000 688 495 108 122 23
9000 - 9500 315 483 54 82 12
9500 - 10000 214 285 27 46 6
10000 - 10500 24 182 18 13 6
10500 - 11000 171 20 4 3 0
11000 - 11500 14 6 4 0 0
11500 - 12000 13 2 4 0 0
12000 - 12500 3 0 4 0 0
12500 - 13000 3 Q 0 0 0
13000 - 13500 6 0 0 0 0
13500 - 14000 6 0 0 0 0
14000 - 14500 3 0 0 0 0
14500 - 15000 3 0 0 0 0
15000 - 15500 3 0 0] 0 0

1 One layer of this spectrum includes 674 flights and 800 simulated
flight hours. Cycles counted per layer were multiplied bv 1.250 to
obtain cycles/1000 hours.

» 2 One laver of this spectrum includes 500 flichts and 505.3 sirmulated
flight hours. Cycles counted per layer were multiplied bv 1.979 to
obtain cycles/1000 hours.

3 Measured data based on 188 flights (224.2 hours); cycles counted were
multiplied by 4.460 to obtain cycles/1000 hours.

4  Measured data based on 224 flights (303.8 hours); cycles counted were
muitiplied by 3.292 to obtain cycles/1000 hours,

5 Measured data based on 233 flights (347.6 hours); cycles counted were
multiplied by 2.877 to obtain cycles/1000 hours.
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TABLE B-2

STRAIN SPECTRUM AT W.S. 55.16

Measured alternating strain spectrum at W.S. 55.16 FSLC for full-scale

test and field aircraft (per 1000 flight hours)

Alternating Preliminary Final Full
Strain (vs)  Full Scale Test Scale Test

23.6 533 1599

71.4 732 895
119.0 243 13249
166.7 14496 7689
214.3 5381 21640
261.9 596 5876
309.5 1974 4923
3571 1265 254
404 .8 311 2966
452.4 565 170
500.0 285 305
547.6 37 190
595.2 140 578
647. 6 206
690.5 4 55
738.1 6 54
785.7 17 49
833.3 373 12
3881.0 101 198
928.6 3 103
976.2 40 162
1023.8 157 14
1071.4 1 4
1119.0 5 2
1166.7 0 0
1214.3 2 0
1261.9 0 0
1309.5 3 0
1357, 0 0
1404.8 0 0
1452.4 3 0

EAFB MANG BAFB

Field Field Field
A/C A/C A/C

4915 4987 7239

7524 8434 13355

5098 6788 7534

3305 4592 2779

2150 2719 1972

1365 1807 552

92¢ 1063 305

566 602 199

339 349 175

281 204 124

219 151 112

143 79 66

116 95 93

112 102 46

62 135 32

62 92 37

40 66 6

54 40 il

27 36 6

9 83 0

14 10 6

0 3 0

0 0 0

0 0 0

4 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0
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ALTERNATING STRESS

Figure B-1
Stress Exceedances, Full Scale Tests
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CURVE FOR FIELD AIRCRAFT
O FULL-SCALE TEST

0 ENGLAND AFB

[ MARYLAND ANG

D> BARKSDALE AFB

NOTE: Data plotted from TABLE B-1

MEASURED ALTERNATING STRESS EXCEEDANCE
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